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PREFACE. 


This  text-book  on  Arithmetic  has  been  prepared  to  meet  the 
requirements  both  of  the  individual  learner,  and  of  class  recita- 
tions in  large  schools.  To  the  former,  the  written  and  mental  '''r 
processes,  explanations,  and  models,  will  be  an  embodiment  of  all 
the  instruction  that  he  will  need  in  those  cases  in  which  they 
are  given.  For  schools  and  classes,  the  same  features  of  the 
book  will  be  a  well-defined  track,  by  following  which  the  pro- 
gress of  the  pupil  can  be  made  rapid  and  satisfactory.  The 
Mental  Processes  are  approximate  models  of  those  explanations 
which  every  teacher  should  require  from  his  pupils  in  giving 
their  solutions.  Experience  has  demonstrated  that  a  well- 
studied  formula  of  reasoning  and  recitation  is  the  best  means  of 
giving  both  to  thought  and  its  expression  the  requisite  degree  of 
brevity,  clearness,  and  force.  The  teacher  is  therefore  advised 
to  require  his  pupils  to  explain  their  solutions,  either  in  the 
methods  furnished  in  the  book,  or  in  such  as  he  may  construct 
for  his  own  use.  The  author  is  convinced  from  long  experience 
that,  when  the  exercises  of  the  learner  are  thus  conducted,  no 
harm  can  result  from  having  before  the  eye  the  answers  to  the 
questions.  It  is  the  teacher's  duty  to  see  that  the  mind  of  the 
pupil  performs  its  work.  He  who  accepts  a  copied  answer,  or  a 
defective  process  because  it  produces  the  answer,  is  in  no  sense 
a  teacher.  The  results  of  the  author's  computations  are,  there- 
fore, given  to  the  learner  merely  as  a  check  against  mistake, 
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suggesting  to  him,  who  would  othej^wk^^^'Satisfied  with  an  in- 
correct process,  that  he  should  review^Sis  ^^L^  The  book  thus 
becomes  an  assistant  to  teachers  of  large  scno^  saving  much 
time  which  is  needed  for  other  things. 

The  author  trusts  that  this  work  will  be  found  superior  to 
most  works  of  its  grade,  in  amount  and  variety  of  matter,  accu- 
racy and  completeness  of  definitions,  scope  and  thoroughness  of 
commercial  rules,  and  in  the  omission  of  their  theoretical 
errors.  The  arrangement  is  such  as  to  lead  the  learner  naturally 
and  logically  from  topic  to  topic,  whilst  he  has  a  sufficient  num- 
ber of  examples  for  practice,  as  he  goes,  to  impart  familiarity  and 
skill.  Yet  in  this,  as  in  other  works,  the  student  may  sometimes 
find  it  advisable,  in  his  first  advance  through  the  book,  to  defer 
for  review  such  portions  as  can  be  omitted  without  detriment  to 
his  understanding  of  any  following  matter,  and  can  be  better 
comprehended  when  he  has,  attained,  to  a  greater  maturity  of 
thought. 

In  conclusion,  the  author  takes  this  occasion  to  express  to  the 
distinguished  teachers  who  have  assisted  him,  his  high  appreci- 
ation of  their  talents,  and  his  heartfelt  gratitude. 
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AMTHMETIG 


CHAPTEE  I. 

DEFINITIONS.     NOTATION.     NUMERATION. 

DEFINITIONS. 

Art.  1.     Arithmetic  is  the  science  of  numbers  and  the 

art  of  computiDg  by  them. 

A  member  is  aa  expression  of  quantity. 

Quantity  is  that  which  is  capable  of  measurement. 

Art.  S.  A  unit  of  any  thing  is  a  single  thing  of  that  kind, 
and  is  used  as  a  measure  of  the  quantity  of  that  thing.  It  is 
sometimes  called  unity. 

Unity,  properly,  is  singleness,  or  the  state  of  being  single  or 

one.  „  ,    . 

Number,  properly,  is  the  state  of  being  one  or  more. 

Art.  3.     In  reference  to  its  nature,  a  unit  is  either  arbitrary 

or  natural.  .  j  ^      ^.i, 

\n  arbitrary  unit  is  a  portion  of  a  quantity,  assumed  tor  tHe 

purpose  of  estimating  and  expressing  that  quantity;  as,  ^ pound 

for  weight,  a  minute  for  time,  a  yard  for  length,  &c.    Such  umts 

can  be  assumed  of  any  extent  at  our  pleasure. 

Natural  unity  is  individuality,  and  a  natural  unit  of  a  certain 

Qttestions—I.  What  is  Arithmetic?  What  is  a  number?  What  is  quan- 
tity ?-2.  What  is  a  unit  of  any  thing?  For  what  is  it  used?  What  el»«  u  it 
called  ?     What  is  unity  ?     What  is  number  ?-3.  What  is  a  unit  ^n  reference  to 
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kind  is  an  individual  of  that  kind ;  as,  a  tree,  a  cloud,  a  hoicse, 
a  man,  &c.  Such  units  cannot  be  varied  in  their  extent  at  our 
pleasure. 

A.rt.  4:»  In  reference  to  their  signification,  numbers  are 
concrete  or  ahstract. 

A  concrete  number  is  an  .expression  of  a  particular  kind  of 
quantity;  as  two  men,  nine  dollars,  seventy-five  pounds,  &c. 

An  ahstract  number  is  an  expression  of  quantity  without  re- 
ference to  its  kind ;  as  two,  nine,  seventy  five  j  &e. 

Art.  5,  In  reference  to  the  mode  of  expressing  numbers, 
Arithmetic  is  either  oral  or  written. 

Orcd  Arithmetic  treats  of  numbers  as  spoken.  In  it  our 
numerical  perceptions  and  reasonings  are  expressed  by  speech. 

Written  Arithmetic  treats  of  numbers  as  written.  In  it  our 
numerical  perceptions  and  processes  are  expressed  by  written 
ico7rls  and  symbols. 

Art.  6.  A  rule  in  Arithmetic  is  a  statement  of  the  mode 
of  computing. 

There  are  six  primary  processes  in  written  Arithmetic,  viz. : 
Notation,  Numeration,  Addition,  Subtraction,  Multiplication, 
and  Division.  The  last  four  are  called  fundamental  rules, 
because  every  other  arithmetical  process  depends  upon  one  or 
more  of  them. 

NOTATION. 

Art.  7.  Notation  is  the  art  of  expressing  numbers  by  sym- 
bols. There  are  two  methods  of  notation  in  common  use,  viz.  : 
the  Roman,  and  the  Arabic  or  Decimal. 

f       i 

ROMAN   NOTATION.  ^5. 

Art.  8.  The  symbols  of  the  Roman  notation  are  seven 
capital  letters,  viz.  :  I,  which  signifies  ojie;  Y,  five;  X,  ten;  L, 
fifty;  G,  one  hundred;  D,  five  hundred;   and  M,  one  thousand. 


Questions. — 4.  "What  are  numbers  in  reference  to  their  signification  ?  What 
is  a  concrete  number?  What  is  an  abstract  number? — 5.  What  is  Arithmetic 
in  reference  to  its  mode  of  expressionj*,  ^^What  is  ■  oral  Arithmetic  ?  What  ia 
written  Arithmetic  ? — 6.  What  is  a  rule  ?  What  are  the  primary  processes  of 
written  Arithmetic?  What  are  its  fundamental  rules?  Why? — 7.  What  is 
notation  ?  What  are  the  common  methods  ? — 8.  What  are  the  symbols  of  the 
Roman  notation  ? 


NOTATION. 


To  express  other  numbers,  these  letters  arc  combined. 
II  signifies  two;  YI,  six;  XSf ,  fifteen ;  &c. 


Thus 


Table  of  Roman  Notation 

I 

signifies 

one. 

XXI    sig] 

lifies 

I  twenty-one. 

II 

u 

two. 

XXX 

a 

thirty.            ^ 

III 

u 

three. 

XL 

a 

forty.              91 

IV 

u 

four. 

L 

a 

fifty.               \ 

V 

u 

five. 

LX 

u 

sixty.              • 

VI 

u 

six. 

LXX 

a 

seventy. 

VII 

u 

seven. 

LXXX 

a 

eighty. 

VIII 

a 

eight. 

XC 

u 

ninety. 

IX 

u 

nine. 

c 

a 

one  hundred. 

X 

a 

ten. 

cc 

a 

two  hundred. 

XI 

u 

eleven. 

ccc 

iC 

three  hundred. 

XII 

u 

twelve. 

coco 

u 

four  hundred. 

XIII 

u 

thirteen. 

Dor  ID 

u 

five  hundred. 

XIV 

u 

fourteen. 

DC 

a 

six  hundred. 

XV 

u 

fifteen. 

DCC 

u 

seven  hundred. 

XVI 

u 

sixteen. 

DCCC 

u 

eight  hundred. 

XVII 

u 

seventeen. 

DCGCC 

u 

nine  hundred. 

XVIII 

a 

eighteen. 

M  or  CIO 

a 

one  thousand. 

XIX 

u 

nineteen. 

MM 

u 

two  thousand.  . 

XX 

a 

twenty. 

MMM 

a 

three  thousand. 

The  letter  I  before  V  signifies  one  less  than  five ;  before  X, 
one  less  than  ten;  after  V,  one  more  than ^ive;. after  X,  one  more 
than  ten.  The  letter  X  before  L  signifies  ten  less  than  fifty  ; 
before  C,  ten  less  than  one  hundred;  after  L,  ten  more  than  fifty  ; 
after  C,  ten  more  than  one  hundred. 

Every  repetition  of  a  letter  signifies  a  repetition  of  its  value.  A 
line  over  a  letter  signifies  a  thousand  times  the  value  of  the 
letter:  thus,  %,ten  thousand;  J), five  hundred  thousand. 

Art.  9.     To  write  numbers  in  the  Roman  notation. 

Rule.  Write  the  highest  part  of  the  number  first,  the  next 
less  at  its  right  hand,  and  so  on  to  the  lowest  part. 


Questions. — How  are  other  numbers  expressed  ?  Repeat  the  table  of  Roman 
notation.  What  does  I  before  a  letter  signify  ?  What  does  I  after  a  letter  sig- 
nify ?  What  does  X  before  a  letter  signify  ?  What  does  X  after  a  letter  signify? 
What  does  a  repetition  of  a  letter  signify  ?  What  does  a  line  over  a  letter  eig- 
nify  ? 
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10  *  NOTATION 

Example.  Write,  in  the  Roman  notation,  one  hundred  and 
forty-three. 

Here,  we  first  write  C  for  one  hundred,  then  XL  for  forty, 
then  III  for  three.  Answer,  CXLIII. 
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Exercises. 

Write,  in  the  Roman  Notation, 

1.  Twenty-two. 

2.  One  hundred  thirty-nine. 

3.  One  hundred  and  one. 

4.  Fifty-five. 

5.  Sixty-seven. 

6.  Seventy-three. 

7.  Two  hundred  eighty-four. 

8.  Four  hundred  ninety-nine. 

9.  Five  hundred  and  five. 

10.  Six  hundred  and  sixteen. 

11.  One  thousand  seven  hundred  and  fourteen. 

12.  Eighteen  hundred  and  fifty-eight. 

Art.  10.     Read  the  following  numbers. 


XCIX. 

CI. 

DLXI. 


XM. 

MCCXLVI. 

DCCCCIX. 


CCCXXXIII.  I  MMDCXIV. 


MDCCLXXVII. 

MDCCCLX. 

DV. 

M. 


Art.  11,  The  foregoing  is  called  the  Roman  notation, 
because  it  was  used  by  the  ancient  Romans.  Its  chief  use  is  in 
numbering  divisions  of  books,  dial  faces,  &c. 

ARABIC   NOTATION. 

Art.  13.  The  symbols  of  the  Arabic  or  decimal  notation 
are  ten,  viz. : — 

1,       2,       3,         4,        5,       6,       7,  8,  -     9,        ^0. 

one,   two,   three,    four,   five,    six,    seven,    eight,    nine,    cipher. 

The  first  nine  of  these  figures  are  called  digits,  from  the  pro- 
cess of  counting  on  the  fingers ;  and  significant  figures,  because 
they  always  signify  some  value.  The  cipher  is  called  naught, 
or  zeroj  because  when  alone  it  signifies  no  value.     When  used 

Questions. — 9.  How  are  numbers  written  in  Roman  notation  ? — 11.  Why 
is  it  called  Roman  ?  "What  is  its  chief  use  ? — 12.  "What  are  the  symbols  of  the 
Arabic  notation  ?  What  are  they  called,  and  why  ?  What  is  the  use  of  0  with 
ntlier  figures? 
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with  tlie  significant  figures,  it  assists  them  in  expressing  numboi . 
Thus  one  and  naught  (10)  do  not  signify  owe,  hut  ten;  eight  and 
two  naughts  (800)  do  not  signify  eight,  but  eight  hundred,  &c. 

Art.  1 3*  When  figures  stand  alone,  they  signify  the  num- 
ber of  7</i/^8  expressed  by  their  names;  thus 3  signifies  three  units, 
7,  seven  units,  &c.  When  a  figure  is  written  at  the  left  of  an- 
other, it  signifies  the  number  of  tens  expressed  by  its  name. 
Thus,  49  signifies  four  tens,  or  forty,  and  nine  units,  both  ex- 
pressing/o?'(y-7z  me;  50  signifies  _^ye  tens  no  units,  both  express- 
^^o  fifty }  and  99  signifies  nine  tens,  or  ninety,  and  nine  units, 
Doth  expressing  ninety-nine. 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
30 
40 
50 
60 
70 
80 
90 
100 


Table. 

s  eleven,  or  one  ten  one  unit. 

s  twelve,  or  one  ten  two  units. 

s  thirteen,  or  one  ten  three  units. 

s  fourteen,  or  one  ten  four  units. 

s  fifteen,  or  one  ten  five  units. 

s  sixteen,  or  one  ten  six  units. 

s  seventeen,  or  one  ten  seven  units. 

s  eighteen,  or  one  ten  eight  units. 

s  nineteen,  or  one  ten  nine  units. 

s  twenty,  or  two  tens  no  units. 

s  twenty-one,  or  two  tens  one  unit. 

s  thirty,  or  three  tens. 

s  forty,  or  four  tens. 

s  fifty,  or  five  tens. 

s  sixty,  or  six  tens. 

s  seventy,  or  seven  tens 

s  eighty,  or  eight  tens. 

s  ninety,  or  nine  tens. 

s  one  hundred. 


Art.  14.  Figures  at  the  left  of  tens,  signify  hundreds; 
at  the  left  of  hundreds,  thousands;  at  the  left  of  thousands, 
ten  thousands;  at  the  left  often  thousands,  hundred  thousands; 
at  the  left  of  hundred  thousands,  millions. 


Questions. — 1.3.  What  does  a  figure  express  when  alone?    What  does  a 
gure  express  at  the  left  of  another? — 14.  What  are  the  successive  significa- 
tions of  a  figure  at  the  left  of  two,  three,  four,  five,  and  six  figures  ? 
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Illustration. 

Ndmbees.  Significatiok. 

2  Two. 
23  Twenty-three. 
234  Two  hundred  thirty-four. 
23  45  Two  thousand  three  hundred  forty-five. 
23456  Twenty-three  thousand  four  hundred  fifty-six. 
234567  Two  hundred  thirty-four  thousand   five  hundred   sixty- 
seven. 
2345  678  Two  millions  three  hundred  forty-five  thousand  six  hun- 
dred seventy-eight. 

Thus  a  figure  expresses  a  ten  times  greater  quantity,  every 
time  it  is  placed  at  the  left  of  one  more  figure. 

The  place  of  a  figure  is  its  position,  as  determined  by  the  num- 
ber of  figures  it  is  removed  from  units. 

Art.  15.  The  value  of  a  figure  is  its  power  of  signifying 
or  expressing.  Figures  have  two  kinds  of  value,  viz. :  simple 
and  local. 

The  simple  value  of  a  figure  is  its  significance  whetn  it  is  alone. 

The  local  value  of  a  figure  is  its  significance  as  modified  by 
occupying  a  place  in  a  number. 

A  particular  local  value  of  a  figure  is  its  significance  in  a  given 
place  in  a  number.  In  the  place  of  units  the  simple  and  local 
values  are  the  same. 

Art.  16.  The  foregoing  is  called  the  Arabic  Notation, 
because  the  Europeans  obtained  it  from  the  Arabs.  It  is  called 
the  Decimal  Notation,  because  it  uses  ten  symbols  so  combined 
as  to  signify  tenfold  at  every  occupation  of  one  more  place 
toward  the  left. 

NUMERATION. 

Art.  IT.  Numeration  is  the  art  of  reading  numbers  ex- 
pressed by  figures. 

To  assist  in  reading  and  writing  numbers  in  the  Arabic  Nota- 
tion, the  figures  are  arranged  in  groups,  called  pez-iocZs,  beginning 
at  the  place  of  units.  There  are  two  methods  of  grouping  in 
use,  viz. :  the  French  and  the  English. 

Questions. — When  does  a  figure  express  ten  times  more?  What  is  the  place 
of  a  figure  ? — 15.  What  is  the  value  of  a  figure  ?  What  are  its  hinds  of  value  ? 
What  Is  its  simple  value  ?  What  is  its  local  value  ?  What  is  its  particular 
local  value  ?  Where  do  the  two  values  agree  ? — 16.  Why  is  this  called  the  Arabic 
notation?  Why  decimal  notation  ? — 17.  What  is  numeration  ?  How  are  figurea 
arranged  in  numeration  ?     What  are  the  two  methods  ? 
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FRENCH  METHOD  OF  NUMERATION. 
Art.  18.  In  tlie  French  method  three  figures  form  a 
period.  Proceeding  from  right  to  left,  the  names  of  the  periods 
are  Units,  Thousands,  Millions,  Billions,  Trillions,  Quadrillions, 
Quintillions,  Sextillions,  Septillions,  Octillions,  Nonillions,  De- 
cillions,  UndecilHons,  Duodecillions,  Tredecillions,  Quatuordecil- 
ions,  Quindecillions,  Sexdecillions,  Septendecillions,  Octodecil- 
ions,  Novendecillions,  Vigintillions,  &c. 

The  right  hand  figure  of  each  period  is  the  units  of  that 
period;  the  middle  figure,  its  tens;  and  the  left  hand  figure  its 
hundreds.     This  is  illustrated  by  the  following 

French  Numeration  Table. 


S5  US  g§  1=  1=  ^§  S^  Eg  II 

^.2       -^/a        ^2        as        6-g        hI        Kg        ^1        ^1 

•si      "sU  .    "s'-s.    "sIs     =S|§     's:^       "§        °i        Sl^      . 

»S«      ^^S       .2#-§       -§^.2       ^<5.2       ^H^       ;§«    .       .§S^.      1^1       I 

?,§     oZIo      S.„.2      S=^2       S=«;=i       £<«2       P=«2      S:=!:;c      £:'s=^       2 
£■51     |o2      1*312      .goS       -o;5      ^00      ^og      .sog      |og      1^ 

1s§  Isl   li'^    §11    §11    §1=    lis    |1|    |i|    HI 

i^8     HhI  Wh^  Shc§  Wh5  Khh   WhM   WhS   Whh   HhP 
^^8  7   429   618   397   456   273   169   912   687   435 

•c  s    -g  g     -g  g    -n-s    -cii    -g  §     -g  §    -i.i    -I  i     -f^ 

f^iS        p_i773  ft-73  ^^-S  -S  rz2  rS  ^^^^  '^S  '^~'  p^ 

■S'^        rSg-        ■:S"g  ■^■R         "Si  ^*  ^S  ^^  ^^  3 

Art.  19.     To  read  numbers. 

^j}jj£,.— Beginning  at  units,  mark  off  the  numbers  into  as 
many  periods  as  possible,  of  three  figures  each,  naming  the 
periods  as  you  proceed.  , 

Then,  beginning  at  the  left  hand,  read  and  name  each  period 
in  order  by  itself,  omitting  the  name  of  the  last. 

Example  1. — The  number  in  the  numeration  table  is  read 
thus: — One  hundred  eighty-seven  octillions,  four  hundred 
twenty-nine  septillions,  six  hundred  eighteen  sextillions,  three 
hundred  ninety-seven  quintillions,  four  hundred  fifty-six  quad- 

Qtjestiojjs.— 18.  What  are  the  names  of  the  periods  ?  What  do  the  right, 
middle,  and  left  figures  of  a  period  signify  ?  Give  in  order  the  name  of  each 
place  in  the  table.— 19.  What  is  the  rule  for  reading  numbers  ?  Read  the  ex- 
ample in  the  table. 
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rillions,  two  hundred  seventy-three  trillions,  one  hundred  sixty- 
nine  billions,  nine  hundred  twelve  millions,  six  hundred  eighty- 
seven  thousand,  four  hundred  thirty-five. 

Ex.  2.  Pronounce  70140091001.  This  number,  marked  oflf, 
is  70,140,091,001,  and  is  read  thus: — seventy  billions,  one  hun- 
dred forty  millions,  ninety-one  thousand,  and  one. 

Pronounce  or  write  in  words  the  following  numbers : — 


8 

1001 

80100        210987654321 

27 

2800 

78002       50000400400020 

36 

3080 

24440       76088900404033 

459 

4701 

66666       10111100010001 

302 

8750 

100001       22033044055066 

101 

5075 

802021       55606707808909 

940 

9866 

707070       30004000005000 

700 

9999 

990880       80008080008008 

850 

70333 

404404       10000000010000 

no 

20010 

878934      123003003003003 

98017 

263545Cr0532890760021000 

10056 

75000000000600000007000 

6000009081012023034440005556 

86007 

00080901400730200060101 

Art.  20.     To  write  numbers. 

Rule. — First  write  the  number  of  the  highest  period,  then 
that  of  each  period  successively  toward  the  right,  filling  with 
ciphers  the  places  and  periods  not  expressed. 

Write  in  figures  the  following  numbers: — 

1.  Eighty-four, 

2.  Five  hundred  seventy-two. 

3.  Six  hundred  and  three. 

4.  Nine  hundred  and  ten. 

5.  Three  thousand  thirty-one. 

6.  Seventeen  thousand  and  six. 

7.  Eleven  thousand  nineteen. 

8.  Eighty  thousand  and  eight. 

9.  Four  hundred  thousand  forty. 

10.  Two  hundred  and  one  thousand  and  five. 

11.  Six  millions  and  sixty-three. 

12.  Forty-two  millions  forty-two. 

Question. — 20.  What  is  the  rule  for  writing  numbers  ? 
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13.  Fourteen  millions,  fifty  thousand. 

14.  Fifty  billions,  ten  thousand. 

15.  One  hundred  billions,  twenty  thousand  and  fifty-six. 

16.  Thirty  trillions,  three  millions,  three. 

17.  Seven  quadrillions,  nine  billions,  sixty-five  thousand. 

18.  Ten  septillions,  one  thousand. 

19.  Four  octillions,  twenty  quintillions. 

20.  Five  vigintillions,  six  quindecillions,  eighty  one  decillions, 
ten  septillions,  and  twenty-three. 

Art.  21.  The  French  method  of  numeration  is  generally 
used  on  the  continent  of  Europe  and  in  the  United  States. 

ENGLISH    METHOD   OF    NUMERATION. 

Art.  132.  In  the  English  method,  six  figures  form  a  period. 
Proceeding  from  right  to  left,  the  names  of  the  periods  are,  Units, 
Millions,  Billions,  Trillions,  &c.,  as  in  the  French  method.  This 
is  illustrated  in  the  following 

English  Numeration  Table. 

^-i"  ^i  ^=  w-§  -.-^ 


-3 


a 


§  d  aJ  ss  g 

gi  2a?  §»  2=3  2« 

§^  5|  §-§  g-g  S-^ 

.a5  j=S  jaS  ^9  J§ 

g|  ^|-  ^1  ^2  ^1 

o2  o2  ®o  o2,  "^J, 

^h|.§  -SH-H-S  •2H'g.§  -§^-3^  ^H-S-S 

«<w9«  -J=»,3^  Ou,3o  5t«5?  p*-Ss 


o2  o2  ®J  o2,  o2 

lEIf  IE1I  IlII  ISII         lEp. 

iii|.i  liiisi  liiisi  liiisi    mi 

CHrHSHP  ShH^^HP  SHHSrHp  KhhShP 

--r,ior>  „-_-__  ..-„__  .___.~ 


_-...„..^       „...,^..^       ^.-^        ..... _£:^e:sh;5 

187429     61S397     456273     169912     687435 

This  number,  thus  grouped,  is  read 

One  hundred  eighty-seven  thousand  four  hundred  and  twenty- 
nine  quadrillions;  six  hundred  eighteen  thousand  three  hundred 
and  ninety-seven  trillions :  four  hundred  fifty-six  thousand  two 
hundred  and  seventy-three  billions ;  one  hundred  sixty-nine 
thousand  nine  hundred  and  twelve  millions;  six  hundred  eighty- 
seven  thousand  four  hundred  and  thirty-five. 

Art.  33.  To  read  numbers  in  English  numeration. 

Questions. — 21.  Where  is  the  French  numeration  generally  used  ? — 22.  In 
the  English  method  how  many  figures  form  a  period  ? 
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KuLE. — Beginning  at  units,  mark  off  the  numher  into  as 
vaany  periods  as  possible  of  six  figures  each,  naming  the  periods 
as  you  proceed. 

Then,  beginning  at  the  left  hand,  read  and  name  each  period 
in  order  by  itself,  omitting  the  name  of  the  last. 

Pronounce  or  write  in  words  tlie  followins;  numbers. 


106425 
987401002 
7456003120 
1024061018 
3406084645 
7650430219 


354010217230496 

80700650400300210 

8544342491200710397568 

40780062000345000092125650789 

13257890450063800720400175003 

87654321012345678901234567890 


Art.  S4:.  To  write  numbers  expressed  in  the  English 
method. 

EuLE. — First  write  the  number  of  the  highest  period,  then 
that  of  each  period  successively  toward  the  right,  filling  with 
ciphers  the  places  and  periods  not  expressed. 

Write  in  figures  the  following  numbers. 

1.  Twelve  thousand  four  hundred  and  three  billions;  one 
hundred  and  sixteen  thousand  millions;  ninety  thousand  and 
nine. 

2.  Seven  hundred  fifty-six  thousand  eight  hundred  and  four 
trillions ;  one  thousand  and  one  billions ;  two  hundred  thousand 
and  two  millions;  eighty-five  thousand  and  eighty-five. 

3.  Eight  thousand  eight  hundred  and  one  quadrillions ;  forty 
thousand  and  sixty-two  trillions ;  five  thousand  and  twenty-eight 
millions;  and  ten  thousand  and  one. 

4.  Sixty-one  thousand  quintillions ;  one  hundred  twenty-nine 
trillions  ;  and  four  hundred  seventeen  thousand. 

5.  Eighteen  quintillions;  eighteen  thousand  quadrillions;  one 
hundred  eighty  thousand  trillions;  one  thousand  eight  hundred 
billions  ;  one  million  ;  and  eight  hundred  thousand. 

6.  Fifty  thousand  octillions ;  three  hundred  thousand  septil- 
lions ;  nine  thousand  sextillions  ;  seven  hundred  quintillions ; 
forty-five  quadrillions ;  three  trillions ;  one  hundred  forty-eight 
thousand  two  hundred  six  billions ;  four  hundred  thousand  and 
twelve  millions;  ten  thousand  and  ten. 

Question. — 23.  What  is  the  rule  for  reading  in  English  numeration  ? 
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CHAPTER  II. 

ADDITION. 

Art.  25»  Addition  is  the  process  of  uniting  two  or  more 
numbers,  so  as  to  form  one  number,  wliicli  is  called  their  sum,  or 
amount. 

Learn  perfectly  the  following 

ADDITION    TABLE. 


1  and    1 

are 

2 

1  and    2  are 

3 

1  and    3 

are    4 

1  and    4  are    5    ! 

2  and    1 

are 

3 

2  and    2  are 

4 

2  and    3 

are    5 

2  and    4  are    6   | 

3  and    1 

are 

4 

3  and    2  ai-e 

5 

3  and    3 

are    6 

3  and    4  are    7 

4  and    1 

iu-e 

5 

4  and    2  are 

6 

4  and    3 

ai-e    7 

4  and    4  are    S    , 

5  and    1 

are 

6 

5  and    2  are 

7 

5  and    3 

are    8 

5  and    4  are    9 

6  and    1 

are 

7 

6  and    2»are 

8 

6  and    3 

are    9 

6  and    4  are  10 

7  and    1 

are 

8 

7  and    2  are 

9 

7  and    3 

are  10 

7  and    4  are  11 

8  and    1 

are 

9 

8  and    2  are 

10 

8  and    3 

are  11 

8  and    4  are  12    j 

9  and    1 

are 

10 

9  and    2  are 

11 

9  and    3 

are  12 

9  and    4  are  13 

10  and    1 

are 

11 

10  and    2  are 

12 

10  and    3 

are  13 

10  and    4  are  14 

11  and    1 

are 

12 

11  and    2  are 

13 

11  and    3 

are  14 

11  and    4  are  15 

12  and    1 

are 

13 

12  and     2  are 

14 

12  and    8 

are  15 

12  and    4  are  16 

1  and    5 

are 

6 

1  and    6  are 

7 

1  and    7 

are  .  8 

1  and    8  are    9 

2  and    5 

are 

7 

2  and    6  are 

8 

2  and    7 

are    9 

2  and    8  are  10 

3  and    5 

are 

8 

3  and    6  are 

9 

3  and    7 

are  10 

3  and    8  are  11 

i  and    5 

arc 

9 

4  and    6  are 

10 

4  and    7 

are  11 

4  and    8  are  12 

5  and    5 

are 

10 

5  and    6  are 

11 

5  and    7 

are  12 

5  and     8  are  13 

6  and    5 

are 

11 

6  and    6  are 

12 

6  and    7 

are  13 

6  and     8  are  14 

7  and    5 

are 

12 

7  and    6  are 

13 

7  and    7 

are  14 

7  and    8  are  15 

8  and    5 

are 

13 

8  and    6  are 

14 

8  and    7 

are  15 

8  and     8  are  16 

9  and    5 

are 

14 

9  and    6  are 

15 

9  and    7 

are  16 

9  and    8  are  17 

10  and    5 

are 

15 

10  and    6  are 

16 

10  and    7 

are  17 

10  and    8  are  18 

11  and    5 

are 

16 

11  and    6  are 

17 

11  and    7 

are  18 

11  and    8  are  19 

12  and    5 

are 

17 

12  and    6  are 

18 

12  and    7 

are  19 

12  and    8  are  20 

1  and    9 

are 

10 

1  and  10  are 

11 

1  and  11 

are  12 

1  and  12  are  13 

2  and    9 

are 

11 

2  and  10  are 

12 

2  and  11 

are  13 

2  and  12  are  14 

3  and    9 

are 

12 

3  and  10  are 

13 

3  and  11 

are  14 

3  and  12  are  15 

4  and    9 

arc 

13 

4  and  10  are 

14 

4  and  11 

are  15 

4  and  12  are  10 

5  and    9 

are 

14 

5  and  10  are 

15 

5  and  11 

are  16 

5  and  12  are  17 

6  and    9 

are 

15 

6  and  10  are 

16 

6  and  11 

are  17 

6  and  12  are  18 

7  and    9 

are 

16 

7  and  10  are 

17 

7  and  11 

are  18 

7  and  12  are  19 

8  and    9 

are 

17 

8  and  10  are 

18 

8  and  11 

are  19 

8  and  V2  are  20 

9  and    9 

are 

18 

9  and  10  are 

19 

9  and  11 

are  20 

9  and  12  are  21 

10  and    9 

are 

19 

10  and  10  are 

20 

10  and  11 

are  21 

10  and  12  i^re  22 

11  and    9 

are 

20 

11  and  10  are 

21 

11  and  11 

are  22 

11  and  12  are  23 

12  and    9 

are 

21 

12  and  10  are 

22 

12  and  11 

are  23 

12  and  12  are  24 

Question. — 25.  What  js  addirinnl' 
2* 
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Let  the  pupil  vary  and  extend  the  following 

Mental  Exercises. 

1.  How  many  are  1  and  0?  5  and  0  ?  9  and  0?  7  and  0?  &c. 

2.  How  many  are  1  and  9  ?    1  and  19?    1  a^d  29?    1  and 
39?  &c. 

3.  How  many  are  2  and  9?    2  and  19?    2  and  29?    2  and 
39?  &c. 

4.  How  many  are  3  and  6?    3  and  16?    3  and  26?    3  and 
36?  &c. 

5.  How  many  are  3  and  7?    3  and  17?    3  and  27?    3  and 
37  ?  &c. 

6.  How  many  are  4  and  7?   4  and  17?   4  and  27?   4  and 
37?  &c. 

7.  How  many  are  5  and  8?    5  and  18?    5  and  28?    5  and 
38?  &c. 

8.  How  many  are  5  and  4?    5  and  14  ?    5  and  24?    5  and 
34?  &c. 

9.  How  many  are  6  and  10?    6  and  20?    6  and  30?    6  and 
40?  &c. 

10.  How  many  are  7  and  7?  7  and  17?   7  and  27?  7  and 
37?  &e. 

11.  How  many  are  8  and  8  ?    8  and  18?    8  and  28?    8  and 
38?  &c. 

12.  How  many  are  9  and  8?    9  and  18?   9  and  28?    9  and 
38?  &c. 

13.  How  many  are  8  and  7?    8  and  17?    8  and  27?    8  and 
87  ?  &c. 

14.  How  many  are  5  and  9  ?    5  and  19  ?    5  and  29  ?    5  and 
39  ?  &c. 

15.  How  many  are  8  and  4?    8  and  14?    8  and  24?    8  and 

34  ?  &c. 

16.  How  many  are  4  and  9  ?    4  and  19  ?   4  and  29  ?   4  and 
39?  &c. 

17.  How  many  are  9  and  5?    9  and  15  ?    9  and  25?    9  and 

35  ?  &c. 

18.  How  many  are  7  and  6  ?    7  and  16?    7  and  26?    7  and 

36  ?  &c. 

19.  How  many  are  6  and  5?    6  and  15?    6  and  25?    6  and 
35  ?  &c. 

20.  How  many  are  10  and  8  ?    10  and  18  ?    10  and  28  ?    10 
and  38  ?  &c. 
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21.  How  many  are  11  and  9  ?  11  and  19  ?  11  and  29  ?  11 
and  39  ?  &c. 

22.  How  many  are  11  and  4  T  11  and  14?  11  and  24?  11 
and  34  ?  &c. 

23.  How  many  are  12  and  9  ?  12  and  19  ?  12  and  29  ?  12 
and  39  ?  &c. 

24.  How  many  are  12  and  5  ?  12  and  15  ?  12  and  25  ?  12 
and  35  ?  &c. 

25.  How  many  are  12  and  2  ?  12  and  12  ?  12  and  22  ?  12 
and  32  ?  &c. 

Art.  S6.  The  sign  of  addition  is  a  cross  formed  by  a 
perpendicular  and  a  horizontal  line;  thus,  -["•  ^^  name  i^ plus, 
a  Latin  word  signifying  more. 

The  sign  of  equality  is  two  parallel  horizontal  lines ;  thus,  ==. 
The  expression  9  -[-  ^  =  1^  is  read,  nine  plus  four  is  equal  to 
thirteen. 

The  things  signified  by  the  numbers  to  be  added  must  be 
alike.  Thus,  9  units  -f  4  units  =  13  units;  but  9  units  -f  4 
tens  do  not  equal  either  13  units  or  13  tens.  So  5  apple-trees  -f- 
3  peach-trees  =  8  trees,  but  not  8  apple-trees,  nor  8  peach-trees. 

WRITTEN   EXERCISES   IN   ADDITION. 

Case  I. 

Art.  27.     When  the  sum  of  each  column  is  less  than  10. 

Ex.  1.  What  is  the  sum  of  235,  421,  and  22  ? 

Ans.  678. 

Written  Process.  Mental  Process. 

23  5  Because  the  things  signified  by  the  figures  to  be 

421  added  must  be   alike,   we  form    one   separate 

9  9  column  of  the  units,  another  of  the  tens,  and 

"^"^  another  of  the  hundreds.     Then  say,  2  units  and 

P  _  Q  one  more   are  3  units  and  5  more  are  8  units. 

O  7  O  Write  8  under  the  column  of  units.     Then  2 

tens  and  2  more  are  4  tens  and  3  more  are  7  tens.     Write  7  under 

the  column  of  tens.     Then  4  hundreds  and  two  more  are  6  hundreds. 

Write  6  under  the  column  of  hundreds. 

Questions. — 26.  What  is  the  sign  of  addition  ?  What  is  its  name  ?  What  i 
the  sign  of  equality?  What  numbers  only  can  bo  added?— 27.  What  is  Case  I 
in  addition? 
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Rule. —  Write  the  numbers  so  that  their  units  rtiay  form  one 

column,  their  tens  another,  &c. ;  and  draw  a  line  under  them. 
Beginning  loitli  the  units,  find  successively  the  sum  of  each 
column,  and  lorite  it  under  the  column  added. 

Proof. — To  detect  error,  begin  with  the  units  and  find  the 
sums  of  the  columns  by  reckoning  the  figures  in  each  in  a  direc- 
tion difi'erent  from  that  of  the  first  process :  if  the  two  results 
are  equal,  the  work  is  probably  correct. 

Remark. — This  is  not  certain,  because  mistakes  may  be  made 
in  either  trial  or  both ;  but  we  are  not  likely  to  make  the  same 
mistake  in  both  trials. 


Examples  for  Practice. 


(2.) 

(3.) 

(4.) 

(5.) 

(6.) 

21 

123 

52 

2070 

12013 

13 

30 

424 

406 

400 

735 

35 

10 

5121 

50172 

769  188  486  7597  62585 

7.  What  is  the  sum  of  11,  12,  13,  20,  and  33  ?  Ans.  89. 

8.  What  is  the  sum  of  3,  30, 121,  and  4040?  Ans.  4194. 

9.  What  is  the  sum  of  ten,  fifteen,  one  hundred  fifty,  two 
thousand  and  one,  and  four  thousand  three  hundred  twenty? 

Ans.  6496. 

10.  A  boy  sold  from  his  garden  some  potatoes  for  twenty-five 
cents,  tomatoes  for  thirty-one  cents,  corn  for  twenty  cents,  and 
beans  for  twenty-two  cents.     How  many  cents  did  he  get? 

Ans.  98  cents. 

11.  Grave  twenty-three  cents  for  a  slate,  ten  cents  for  a  spell- 
ing-book, forty-four  cents  for  an  Arithmetic,  one  cent  for  a  slate- 
pencil,  and  eleven  cents  for  an  inkstand.  How  many  cents  did 
I  give  for  all  ?  Ans.  89  cents. 

12.  What  is  the  sum  of  ten  thousand  two  hundred  three,  four 
thousand  fifty,  six  hundred  forty-five,  and  one  hundred  one  ? 

Ans.  14999. 


Questions.— 27.  What  is  the  rule?    How  do  we  detect  error  in  addition? 
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Case  II. 

Art.  S8.     When  the  sum  of  any  column  equals  or  exceeds  10. 

Ex.  1.  One  book  has  345  pages,  another  567  pages,  and 
another  719  pages;  how  many  pages  are  there  in  the  three 
books?  Ans.  1631. 

Written  Process.  Explanation. 

345  The  sum  of  the  units  is  21  or  2  tens  and  1  unit. 

567  Write  the  1  under  the  units,  and  reckon  the  2 

'jiQ  tens  with  the  column  of  tens,  which  -will  make 

it  13  tens.     This  equals  1  hundred  and  3  tens. 

1  A  Q  1  Write  3  under  the  tens,  and  reckon  the  1  hun- 

i-^^^  dred  with  the  column  of  hundreds,  which  will 

make  it  16  hundreds.  This  equals  1  thousand  and  6  hundred.  Write 
the  6  under  the  hundreds,  and  put  the  1  thousand  in  the  place  of 
thousands,  since  there  is  no  column  with  which  to  reckon  it.  These 
operations  are  called  carrying  to  the  tiext  column. 

Mental  and  Recitation  Model. 

16,  21.  Write  the  1  and  carry  the  2  :— 3,  9,  13.  Write  the 
3  and  carry  the  1: — 8,  13,  16.     Write  the  whole. 

E,ule. —  Write  the  numbers  so  that  their  units  may  form  one 
column^  their  tens  another,  &c.  ;  and  draw  a  line  under  them. 

First  find  the  sum  of  the  units.  If  it  is  less  than  ten,  write 
it  under  the  column;  if  it  is  ten  or  more,  lorite  its  right-hand 
figure  under  the  column,  and  add  its  other  figure  or  figures  to 
the  next  column. 

Do  this  with  each  column  successively  to  the  last,  of  lohich 
write  the  whole  sum. 

Proof. — To  detect  error,  review  the  work,  as  directed  in 
Case  I. 

Examples  for  Practice. 


(2.) 

(3.) 

(4.) 

(5.) 

(6.) 

0-j 

13 

20 

307 

987 

123 

5043 

84 

37 

560 

654 

456 

697 

92 

89 

77 

321 

789 

8210 

78 

99 
245 

808 
1752 

12 
1974 

12 

1380 

888 

267 

14838 

Question. — 28.  What  is  the  rule  for  addition  ? 
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(8.) 

(9.) 

(10.) 

(11.) 

(12.) 

357 

470 

75 

1020 

13009 

864 

98 

557 

304 

20780 

139 

689 

755 

5060 

4056 

605 

777 

575 

708 

1066 

90 

63 
2097 

757 
2719 

9 
7101 

12005 

1955 

50916 

(18.) 

(14.y 

(15.) 

(16.) 

88070 

10^00 

98765v  ' 

80706 

76054 

11302 

43210 

50403 

32091 

12403 

12345 

20100 

64010 

13504 

67890 

19187 

87011 

10000 

89670 

15143 

20020 

30001 

88888 

12299 

367256 

400768 

(IT.) 

(18.) 

(19.) 

123456789 

750461 

9 

12345678 

2301 

89 

1234567 

27040 

789 

123456 

163040 

6789 

12345 

8010 

56789 

1234 

90082 

456789 

123 

41 

3456789 

12 

880880 

23456789 

1 

3003 

123456789 

20.  Add  54,  1008,  10008,  990,  and  9990.   Ans.  22050. 

21.  Add  245,  87,  9989,  8898,  and  91.      Ans.  19310. 

22.  What  is  the  sum  of  999  -f  898  +  988  -f  789  +  698  -j- 
589  -f-  497  +  679  -f-  59  +  69  +  78  +  88  ?   Ans.  6431. 

23.  Add  191  +  292  +  393  +  494  +  595  +  696  +  797  + 
898  +  999  +  888  +  777  +  666  -f-  555  +  444. 

Ans.  8685. 

24.  How  many  are  8  -f-  98  -f  1005  +  80001  -f  90805  -|- 
19  +  142063  +  3487005  -f  75075  -f  63? 

Ans.  3876142. 

25.  How  many  are  37063  +.  5087  +  6391  -f  122436  -f 
98117612  -f  84  +  16000  -f  879  ?  Ans.  98305552. 

26.  Find   the   sum  of  forty-nine,  nine   hundred   fil'ty-eight, 
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seven  thousand  three  hundred  thirty-seven,  one  million  and  one, 
four  hundred  fifty  thousand  fifty-four,  two  hundred  sixty-eight, 
and  sixty-five.  Ans.  1458732. 

27.  B.  Felton's  farm  is  valued  at  eighteen  thousand  five 
hundred  fifty  dollars,  his  house  at  three  thousand  four  hundred 
seventy-five,  his  live-stock  at  four  thousand  eight  hundred 
twenty-five,  and  his  share  in  a  mill  at  ten  thousand  one  hundred 
eighty-eight  dollars.     What  is  the  amount  of  this  valuation  ? 

iVns.  37038  dollars. 

28.  A  coal-dealer  sold  in  one  day  to  A  437  bushels,  to  B  650 
bushels,  to  C  235  bushels,  to  D  88  bushels,  and  to  F  675  bushels. 
How  many  bushels  did  he  sell?  Ans.  1985. 

29^  A  man  willed  to  his  wife  25000  dollars,  to  his  two  sons 
10375  dollars  apiece,  to  his  three  daughters  7750  dollars  apiece, 
and  to  a  charitable  institution  3469  dollars.  What  was  the  sum 
of  the  legacies?  Ans.  72469  dollars. 

30.  Before^etting  into  a  stage,  nine  men  weighed  themselves 
and  their  baggage.  Their  weights  were  145, 162,  133,  157, 181, 
174,  149,  125,  and  138  pounds.  Their  trunks  weia'hed  52,  48, 
37,  63,  46,  31,  35,  44,  and  39  pounds.  The  driver  weighed  146 
pounds.  "V^atwas  the  whole  weight  of  men?  of  baggage?  of 
both? 

Ans.  Men  1510  pounds;  baggage  395  pounds;  both  1905 
pounds. 

31.  In  the  year  1775  the  white  population  of  the  colonies  was 
estimated  as  follows: — New  Hampshire,  102000;  Massachusetts, 
352000;  Rhode  Island,  58000;  Connecticut,  262000;  New 
York,  238000;  New  Jersey,  138000;  Pennsylvania,  341000; 
Delaware,  37000 ;  Maryland,  174000  ;  Virginia,  300000 ;  North 
Carolina,  181^0  i»  South  Carolina,  93000;  Georgia,  ,27000. 
Slaves,  500000.  "W^hat  was  the  estimated  population  of  the 
thirteen  colonies  in  that  year,  excluding  the  free  colored  ? 

^  Ans.  2803000. 

32.  In  the  year  1850,  the  white  population  of  the  same  States 
was  estimated  as  follows: — New  Hampshire,  317456;  Massa- 
chusetts, 985450 ;  Rhode  Island,  143875 ;  Connecticut,  363099; 
New  York,  3048325;  New  Jersey,  465509;  Pennsylvania, 
2258160;  Delaware,  71169;  Maiyland,  417943;  Virginia, 
894800;  North  Carolina,  553028;  South  Carolina,  274563; 
Georgia,  521572.  Slaves,  1620636;  free  colored,  333935.  What 
was  their  estimated  population  in  1850  ?  Ans.  12269520. 

33.  In  1850,  the  estimated  numbers  of  the  free  who  could  not 
read  and  write  were  as  follows : — Maine,  6282 ;  New  Hampshire, 
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3009;  Vermont,  6240;  Massachusetts,  28345;  Rhode  Island, 
3607;  Connecticut,  5306;  New  York,  98722;  New  Jersey, 
18665;  Pennsylvania,  76272;  Delaware,  10181;  Maryland, 
41877;  Virginia,  88520;  North  Carolina,  80423;  South  Caro- 
lina, 16564 ;  Georgia,  41667.  How  many  free  persons  in  these 
states  could  not  read  and  write  in  1850  ?  Ans.  525680. 

34.  The  same  in  other  states  numbered  in  1850  as  follows: — 
Florida,  4129  ;  Alabama,  33992 ;  Mississippi,  13528  ;  Louisiana, 
24610;  Texas,  10583;  Arkansas,  16935;  Tennessee,  78619; 
Kentucky,  69706 ;  Missouri,  36778 ;  IlKnois,  41283 ;  Indiana, 
72710;  Ohio,  66020;  Michigan,  8281 ;  Wisconsin,  6453;  Iowa, 
8153  ;  California,  5235.  How  many  free  persons  in  these  states 
could  not  read  and  write  in  1850  ?  Ans.  497015. 

35.  The  numbers  of  copies  of  newspapers  and  periodicals 
issued  in  1850  were  estimated  as  follows: — New  England, 
81683724;  New  York,  New  Jersey,  Pennsylvania,  Delaware. 
District  of  Columbia,  and  Maryland,  235543963;  Virginia, 
North  Carolina,  South  Carolina,  Georgia,  Florida,  22780228 ; 
Alabama,  Mississippi,  Louisiana,  Arkansas,  Texas,  Tennessee, 
25446143 ;  Kentucky,  Missouri,  Illinois,  Indiana,  Ohio,  Michi- 
gan, Wisconsin,  Iowa,  California,  60858132.  What  was  the 
total  number  of  copies  issued  in  these  states  in  1850  ? 

Ans.  426312190. 

36.  A  republic  was  established  at  Athens  in  the  year  510  B.C. 
How  long  was  it  to  the  Declaration  o^  American  Independence, 
in  A.D.  1776  ?  Ans.  2286  years. 

37.  Babylon  is  thought  to  have  been  built  in  the  year  2100 
B.C.     How  long  was  it  to  the  battle  of  Waterloo,  a.d.  1815  ? 

Ans.  3915  years. 

38.  She  length  of  the  Danube  is  estimated^^^t  1750  miles;  of 
the  Dnieper,  1260  miles  ;  of  the  Don,  1120  miles  ;  of  the  Rhine, 
7^0  miles ;    of   the  Elbe,  800  miles ;   and  of  the   Rhone,  650 

^iles.     What  is  the  aggregate  length  of  these  JSuropean  rivers? 

Ans.  6280  miles. 

39.  The  length  of  the  Amazon  river  is  estimated  at  3600 
miles ;  of  the  Mississippi,  4100  miles ;  of  the  Rio  de  La  Plata, 
2240  miles  ;  of  Nelson's  river,  2000  miles  ;  of  the  St.  Lawrence, 
2100  miles  ;  of  the  Orinoco,  1600  miles ;  and  of  the  Rio  Grande, 
2150  nales.  What  is  the  aggregate  length  of  these  American 
rivers  ?  Ans.  17790  miles. 
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COUNTING-HOOM   COLUMNS. 

Art.  30.  In  long  columns,  sucli  as  often  occur  in  busi- 
ness, it  is  advisable, 

1st.  To  acquire  the  liabit  of  adding  rajpidli/,  as  well  as 
accurately. 

2d.  To  write  down  in  a  convenient  place  tbe  figure  to  be 
carried,  for  reference  in  reviewing  the  work,  and  to  enable  us  to 
resume  adding  after  interruption. 

3d.  Sometimes  to  add  portions  only  at  a  time,  putting  the 
sums  in  the  margin,  and  then  adding  these  sums,  as  in  Ex.  (2) 
and  (4). 

4th.  To  acquire  the  power  of  adding  more  than  one  column 
at  a  time. 

For  these  purposes,  practice  upon  examples  like  the  following : — 

(10 

1357 

962 

2578 

4030 

89 

909 
5753 
1056 

357 
9864 
2102 

708 

9006 

55 

881 
3111 
2525 
73 
6642 
8405 
6061 

857 

2354 

19 

301 
59148 


(2.) 

(3.) 

(4-) 

428 

6981 

5678 

1352 

7543 

3214 

7960 

8209 

4769 

288 

9765 

3588 

705 

5432 

275 

3030 

874 

3899 

18 

25 

4790 

1716  15497 

157 

49 

154 

4396 

9468 

1314 

844 

3255 

25 

3322 

8899 

6070 

7788 

3889 

8531 

1000 

999 

2663 

100 

8098 

949 

900 
8066 

888 

IZ   19718 

341 

ftir  7 

742 

9872 

401 

4523 

4683 

4333 

5009  • 

.   6678 

2806 

5055 

9800 

622 

557 
2264 
3113 

877 

3455 

209 
566 

78. 

909  23933 

26 
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CHAPTER  III. 

SUBTRACTION. 

Art.  30.      Subtraction   is   the   process   of  finding   the 
difierence  between  two  numbers. 
Learn  perfectly  the  following 

SUBTRACTION    TABLE. 


1  from    1  leaves  0 

2  from    2  leaves  0 

3  from    3  leaves  0 

1  from     2  leaves  1 

2  from    3  leaves  1 

3  from    4  leaves  1 

1  from    3  leaves  2 

2  from    4  leaves  2 

3  from   .5  leaves  2 

1  from    4  leaves  3 

2  from    5  leaves  3 

3  from     6  leaves  3 

1  from     5  leaves  4 

2  from     6  leaves  4 

3  from    7  leaves  4 

1  from     G  leaves  5 

2  from    7  leaves  5 

3  from    8  leaves  5 

1  from    7  leaves  6 

2  from    8  leaves  6 

3  from    9  leaves  6 

1  from    8  leaves  7 

2  from    9  leaves  7 

3  from  10  leaves  7 

1  from    9  leaves  8 

2  from  10  leaves  8 

3  from  11  leaves  8 

1  from  10  leaves  9 

2  from  11  leaves  9 

3  from  12  leaves  9 

i  from    4  leaves  0 

5  from     5  leaves  0 

6  from    6  leaves  0 

4  from    5  leaves  1 

5  from     6  leaves  1 

6  from    7  leaves  1 

4  from    6  leaves  2 

5  from     7  leaves  2 

6  from    8  leaves  2 

4  from     7  leaves  3 

5  from     8  leaves  3 

6  from    9  leaves  3 

4  from    8  leaves  4 

5  from    9  leaws  4 

6  from  10  leaves  4 

4  from     9  leaves  5 

5  from  10  leaves  5 

6  from  11  leaves  5 

4  from  10  leaves  6 

5  from  11  leaves  6 

6  from  12  leaves  6 

4  from  11  leaves  7 

5  from  12  leaves  7 

6  from  13  leaves  7 

4  from  12  leaves  8 

5  from  13  leaves  8 

6  from  14  leaves  8 

4  from  13  leaves  9 

5  from  14  leaves  9 

6  from  15  leaves  9 

7  from    7  leaves  0 

8  from    8  leaves  0 

9  r- from     9  leaves  0 

7  from    8  leaves  1 

8  from    9  leaves  1 

9  from  10  leaves  1 

7  from    9  leaves  2 

8  from  10  leaves  2 

9  from  11  leaves  2 

7  from  10  leaves  3 

8  from  11  leaves  3 

9  from  12  leaves  3 

7  from  11  leaves  4 

8  from  12  leaves  4 

9  from  13  leaves  4 

7  from  12  leaves  5 

8  from  13  leaves  5 

9  from  14  leaves  5 

7  from  13  leaves  6 

8  from  14  leaves  6 

9  from  15  leaves  6 

7  from  14  leaves  7 

8  from  15  leaves  7 

9  from  16  leaves  7 

7  from  15  leaves  8 

8  from  16  leaves  8 

9  from  17  leaves  8 

7  from  16  leaves  9 

8  from  17  leaves  9 

9  from  18  leaves  9 

Let  the  pupil  vary  and  extend  the  following 
Mental  Exercises. 

1.  How  many  are  0  less  0  ?    1  less  0  ?    2  less  0  ?    3  less 
0?  &c. 

Question. — 30.  What  is  subtraction  ? 
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2.  How  many  are  1  less  1?  11  less  1?  21  less  1?  31  less 
l?&c. 

3.  How  many  are  2  less  2?  12  less  2  ?  22  less  2?  32  less 
2?&c. 

4.  How  many  are  9  less  3  ?  19  less  3  ?  29  less  3  ?  39  less 
3?&c. 

5.  How  many  are  0  less  9  ?  10  less  9  ?  20  less  9  ?  30  less 
9?&c. 

6.  How  many  are  4  less  7  ?  14  less  7  ?  24  less  7  ?  34  less 
7?&c. 

7.  How  many  are  9  less  7  ?  19  less  7  ?  29  less  7  ?  39  less 
7?&c. 

8.  How  many  are  6  less  8  ?  16  less  8  ?  26  less  8  ?  36  less 
8  ?  &c.  ^ 

9.  How  many  are  4  less  4  ?  14  less  4  ?  24  less  4  ?  34  less 
4?&c. 

10.  How  many  are  6  less  5?  16  less  6?  26  less  5?  36  less 
5?&c. 

11.  How  many  are  4  less  5  ?  14  less  5  ?  24  less  5  ?  34  less 
5  ?  &c. 

12.  How  many  are  7  less  4?  17  less  4?  27  less  4?  37 
less  4  ?  &c. 

13.  How  many  are  0  less  7?    10  less  7?    20  less  7?    30 
i           less  7  ^  &c 

14.  How  many  are  3  less  5?  23  lesh  5?  33  less  5?  43 
less  5  ?  &c. 

.  15.  How  many  are  5  less  3  ?  15  less  3  'r*  25  less  3  ?  35 
less  3  ?  &e. 

Art.  31.  The  word  suhtraction  signifies  the  taking  from, 
one  number  that  part  of  itself  which  is  equal  to  another  number. 
This  is  called  simply  taking  one  number  from  another. 

The  minuend  is  the  number  to  be  diminished. 

The  subtrahend  is  the  number  which  is  taken  from  the 
minuend. 

The  difference,  or  remainder,  is  the  number  which  is  lefb 
after  subtraction. 

The  sign  of  subtraction  is  a  short  horizontal  line,  thus, — . 
Its  name  is  minus,  a  Latin  word  signifying  less.  It  indicates 
that  the  number  following  it  is  to  be  taken  from  the  number 

Questions. — 31.  What  does  the  word  subtraction  signify  ?  \Vhat  is  the  minu- 
end ?*  The  subtrahend  ?  The  remainder  ?  What  is  the  sign  of  subtraction  ? 
W  hat  is  its  name  ?     What  does  it  indicate  ? 
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before  it.  The  expression  9  —  4  =  5  is  read,  nine  minus  four 
equals  Jive. 

The  things  signified  by  the  numbers  in  subtraction  must  ba 
alike.  Thus  9  units  —  4  units  =  5  units;  but  9  tens  —  4 
units  do  not  equal  either  5  tens  or  5  units.  Also  9  —  4  cannot 
express  the  difference  between  9  apple-trees  and  4  peach-trees, 
it  being  neither  5  apple-trees,  nor  5  peach-trees. 

WRITTEN   EXERCISES   IN   SUBTRACTION. 
Case  I. 

Art.  33.  When  each  figure  of  the  subtrahend  does  not 
exceed  the  corresponding  figure  of  the  minuend. 

Ex.  1.  A  man  paid  570  dollars  for  a  piece  of  land,  and  sold 
it  for  895  dollars.     How  much  did  he  gain? 

Ans.  325  dollars. 

Written  Process.  INIental  Process. 

895  A  less  number  is  here  to  be  taken  from  a  greate^ 

570  to  find  their  difierence.     Since,  in  subtracting, 

minuend    and    subtrahend    must   signify   like 

Q25  things,  units   must   be  taken  from  units,  tens 

,  ""  from  tens,  &c.     Hence  we  write  the  subtrahend 

under  the  minuend,  units  under  units,  tens  under  tens,  &c.  Then 
beginning  with  the  units,  say,  no  units  from  5  units  leave  5  units ; 
write  5  under  the  units;  7  tens  from  9  tens  leave  ^  tens ;  write  2 
under  the  tens;  5  hundreds  from  8  hundreds  leave  3  hundreds; 
write  3  under  the  hundreds.     The  difi'erence  is  325  dollars. 

Rule. —  Write  the  less  number  under  the  greater ,  units  under 
miits,  tens  under  tens,  &c.,  and  draw  a  line  under  them.-  Take 
each  lower  figure  from  that  above  it,  and  icrite  the  difference 
below. 

Ex.  2.  What  is  9568,  less  357  ?  Ans.  9211. 

Ex.  3.  What  is  67059,  less  5027  ?  Ans.  62032. 

Ex.  4.  What  is  the  difference  between  184,  and  2896  ? 

Ans.  2712. 
Ex.  5.  A  man  was  born  a.d.  1745,  and  died  A.i>.  1798,  on  the 
same  day  of  the  year.     How  many  years  did  he  live  ? 

Ans.  53  years. 


Question.— 31.  What  must  the  numbers  and  figures,  in  subtracting,  signify ' 
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Art.  33.     If  tlie  same  number  be  added  to  the  minuend 

and  subtrahend,  the  difference  will  still  be  the  same. 

Illustration. 
The  minuend      578   +  HI  =  689  a  new  minuend. 
The  subtrahend  234   +  111  =  345  a  new  subtrahend. 

The  difference    344  =  344  the  new  difference. 

Case  II. 

Art.  34.  When  any  figure  of  the  subtrahend  is  greatei 
than  the  corresponding  figure  of  the  minuend. 

Ex.  1.  In  one  lot  are  413  sheep,  in  another  265.  How  many 
more  are  in  one  than  in  the  other?  Ans.  148. 

Written  Process.  Explanation. 

Since  5  units  are  more  than  3  units,  we  cannot 

^  41o  subtract  5  from  3.     Add  10  units  to  3  units, 

265  making  it  13  units.     Then  5  from  13  leaves  8 

units.     Write  8  under  the  units.     Xow,  since 

*•  148  "^e  have  added  10  units  to  the  minuend,  we  add 

the  same  number,  as  1  ten,  to  the  6  tens  of  the 
subtrahend,  so  as  not  to  alter  the  difference.  This  makes  7  tens  in  the 
subtrahend,  ^ow,  to  take  7  tens  from  1  ten  is  impossible.  Add  10 
tens  to  1  ten,  making  it  11  tens.  Then  7  tens  from  11  tens  leave  4 
tens.  Write  4  under  the  tens.  Now,  since  we  added  10  tens  to  the 
minuend,  we  add  the  same  number,  as  1  hundred,  to  the  2  hundreds 
of  the  subtrahen4,  so  as  not  to  alter  the  difference.     This  makes  it 

3  hundreds ;  then  3  hundreds  from  4  hundreds  leave  1  hundred. 
Write  1  under  the  hundreds.  The  difference  is  148,  which  must  be 
correct,  because  we  have  added  110  to  both  minuend  and  subtrahend. 
The  above  process  is  sometimes  called  borrowing  ten  and  carrying  one. 
Some,  after  adding  the  10,  take  1  from  the  next  upper  figure,  thus 
diminishing  the  upper  number  as  much  as  increasing  it. 

Mental  and  Recitation  Model. 

5  from  .3,  impossible;  5  from  13  leaves  8.  Write  8  and  carry 
1.    1  to  6  is  7 ;  7  from  1,  impossible ;  7  from  11  leaves  4.    Write 

4  and  carry  1.     1  to  2  is  3;  3  from  4  leaves  1.     Write  1. 

Rule. —  Write  the  subtrahend  under  the  minuend,  units  under 
units,  tens  under  tens,  &c.,  and  draw  a  line  under  them. 

Then,  beginning  with  units,  subtract  successive!}/  each  figure 
from  the  figure  over  it,  if  possible,  and  write  the  difference  below. 

Question. — 33.  H  iv,-  (l,.cs  increasing  equally  two  numbers  affect  their  dif- 
fcrcnee  ? 
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When  a  figure  exceeds  the  figure  over  it,  add  10  to  the  U2:)perf 
frotn  this  sum  subtract  the  lower,  add  1  to  the  next  lower  figure 
or  place,  and  proceed  with  this  sum  as  usual. 

If  the  upper  number  has  more  figures  than  the  lower,  suppose 
ciphers  on  the  left  of  the  lower,  and  subtract  to  the  last.  If  the 
last  left-hand  figure  of  the  remainder  is  a  cipher,  omit  it. 

Proof. — To  detect  error,  add  the  remainder  to  tlie  less  num- 
ber :  tlie  result  should  equal  the  greater. 

Examples  for  Practice. 


(2.) 

(3.) 

(4.) 

(5.) 

Minuend   46  9 

805 

7063 

24002 

Subtr; 

ahend  8  9 
ence  380 

96 

709 

6927 

9008 

Differ 

136 

14994 

(6.). 

(7-) 

(8.) 

(9.) 

From  100101 

87560 

100000 

750750 

Take 

90199 

6080 

80808 

75075 

Ans. 

9902 

(10.) 

81480 

19192 

675675 
(11.) 

From 

101202303404505 

100000200000300 

Take 

902080307' 

04065 

99999870304256 

Ans. 

(12.) 

(13.) 

(14.) 

From  9876543210 

8888888! 

388    : 

LllllllllOO 

Take 

1234567890 

7945878889 

1234567890 

Ans 


15.  From  805326089004  take  796047188505. 

Ans.  9278900499. 

16.  From  202404606  take  50570709. 

Ans.  151833897. 

17.  Take  16171819  from  1213141516. 

Ans.  1196969697. 

18.  Take  4990994  from  10200201.       Ans.  5209207. 


Questions. — ^34.  How  are  numbers  written  for  subtraction  ?  Why  ?  "\^Tier» 
do  we  begin  to  subtract?  What  is  the  process  when  the  lower  figure  exceeds 
the  figure  over  it  ?     Why  ?     How  do  we  detect  error'? 
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19.  How  many  are  98877665  —  59933881  ? 

Ans.  38943784. 

20.  How  many  are  120110100  —  119202122  ? 

Ans.  907978. 

21.  From  inillllll  take  987654321. 

Ans.  123456790. 

22.  What  is  the  difference  between  one  thousand  nineteen, 
and  nineteen  thousand  ?  Ans.  1*^981. 

23.  Find  the  difference  between  one  hundred  thousand,  and 
nine  thousand  nine  hundred  ninety-nine.  Ans.  90001. 

24.  Find  the  difference  between  two  thousand  five  hundred 
seventy-five,  and  twenty-five  thousand  twenty-five. 

Ans.  22450. 

25.  From  nine  millions  eight  thousand  and  seven,  take  ninety- 
nine  thousand  and  eighty-eight.  Ans.  8908919. 

26.  From  a  cask  of  molasses  containing  83  gallons,  45  gallons 
were  drawn,  and  afterwards  37  gallons  were  put  in.  How  many 
gallons  were  there  finally  in  the  cask?  Ans.  75  gallons. 

27.  What  number  added  to  6789  will  make  10000  ? 

Ans.  3211. 

28.  Starting  on  a  journey  with  650  dollars,  I  returned  with 
388  dollars.     How  many  dollars  did  I  spend  ?  Ans.  262. 

29.  From  my  farm  of  473  acres  I  sold  95  acres.  How  many 
acres  had  I  left  ?  Ans.  378. 

30.  From  a  piece  of  cloth  containing  63  yards,  were  sold  at 
different  times  5  yards,  13  yards,  9  yards,  and  6  yards.  How 
many  yards  remained  ?  Ans.  30. 

31.  From  17256  take  the  sum  of  9821  and  2587. 

Ans.  4848. 

Short  Written  Process.  Mental  Process. 

-i-iyrn  7   and  1  are  8,  which  from  16  leaves  8. 

^i^'^^  Carrying   1    to    8    is  9    and    2  is    11,    of 

which  the  right  figure  1  from  5  leaves  4. 

9821  Carrying  the  left  1  to  5  is  6  and  8  is  14,  of 

2587  which  the  right  figure  4  from  12  leaves  8. 

^  Carrying  the  left  1,  also  the  borrowed  1,  to 

4g4g  2  is  4,  and  9  is  13,  of  which  the  3  from  7 

leaves  4.     The  left  1  from  1  leaves  0. 

32.  Samuel  Reed  owns  property  valued  at  28150  dollars;  he 
owes  J.  Brown  6245  dollars,  William  Abel  462  dollars,  and  H. 
Clark  1328  dollars.     What  is  Reed  worth  ? 

Ans.  20115  dollars. 
83.  A  goes  275  miles,  and  B  168  in  the  same  direction.     How 
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far  are  they  apart,  and  how  hulcJi  farther  would  they  have  been 
apart  if  they  had  gone  in  opposite  directions  ? 

Ans.  1st  107  miles:  2d  336  miles. 

34.  From  7543  —  2658  take  9125  —  5989. 

.    Ans.  1749. 

35.  From  9784  —  3995  take  2147  +  908. 

Ans.  2734. 

36.  An  army  of  15750  before  battle,  only  numbered  12863 
after  it.     What  was  the  loss?  Ans.  2887. 

37.  A  farmer,  having  gathered  1033  bushels  of  potatoes, 
threw  out  the  diseased  ones,  and  then  found  that  the  good  mea- 
sured 758  bushels.     How  many  were  diseased  ? 

Ans.  275  bushels. 

38.  A  man  willed  an  estate  of  55200  dollars  to  his  nephew; 
but  other  persons  keeping  it  in  a  long  law-suit,  he  only  got 
•27425  dollars.     What  was  the  cost  of  defending  his  case? 

Ans.  27775  dollars. 

39.  America  was  discovered  by  Columbus  in  a.d.  1492.  How 
long  was  it  to  the  Declaration  of  Independence  in  1776  ? 

Ans.  284  years. 

40.  Napoleon  Bonaparte  died  in  the  year  1821,  at  the  age  of 
52.     When  was  he  born  ?  Ans.  1769. 

41.  St.  Petersburg  was  founded  by  Peter  the  G-reat  in  1703. 
How  long  was  it  to  the  burning  of  Moscow  in  1812  ? 

Ans.  109  years. 

42.  Of  two  candidates  who  together  received  18923  votes, 
the  successful  one  received  9984  votes.  How  many  did  the 
other  receive,  and  what  was  the  majority  of  the  first? 

Ans.  1st  8939;  2d  1045. 

43.  In  1800  the  population  of  the  United  States  was  5305925. 
In  1850  it  was  23191876.     What  was  the  increase  in  that  time? 

Ans.  17885951. 

44.  If  a  certain  star  is  distant  from  the  earth  sixty-two  trillions 
four  hundred  eighty-one  billions  five  hundred  millions  of  miles, 
and  the  sun  is  distant  ninety-five  millions  one  hundred  seventy- 
three  thousand  one  hundred  twenty-seven  miles,  how  much 
farther  from  us  is  the  star  than  the  sun  ? 

Ans.  62481404826873  miles. 

45.  From  831  octillions,  20  septillions,  405  quintillions,  60 
quadrillions,  700  millions,  8  thousand,  and  9,  take  8  octillions,  600 
sextillions,  504  quintillions,  80  billions,  621  millions,  8  thousand, 
and  301 

Ans    823019399901059999920078999708 
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■      •  CHAPTER  IV. 

MULTIPLICATION. 

Art.  S5,  Multiplication  is  a  short  process  of  producing 
llie  sum  of  one  number  used  in  addition  as  many  times  as  there 
are  units  in  another. 

IliTustratigx. — To  obtain  the  sum  of  8  taken  9  times,  we  need  not 
write  8  nine  times  and  add  the  column.  AVe  can  remember  that  9 
times  8  are  72 :  and  if  we  commit  to  memory  such  facts  in  regard  tc 
small  numbers,  we  can  use  them  in  operating  with  larger  numbers. 
These  facts  arranged  make  a 


MULTIPLICATION    TABI^. 


Once 
Once 
Once 
Once 

0*6 

Once 
Once 
Once 
Once 
Once 
Once 
Once 
Once 


0 

is 

0 

1 

13 

1 

2 

is 

2 

3 

is 

3 

4 

is 

4 

5 

is 

5 

6 

IS 

6 

7 

is 

7 

8 

IS 

8 

9 

is 

9 

10 

is 

10 

11 

is 

11 

12 

IS 

12 

2  times 
2  times 
2  times 
2  times 
2  times 
2  times 
2  times 
2  times 
2  times 
2  times 
2  times 
2  times 
2  times 


Oare 

0 

lare 

2 

2  are 

4 

3  are 

6 

4  are 

8 

5  are 

10 

6  are 

12 

7  are 

14 

8  are 

16 

9  are 

18 

0  are 

20 

1  are 

22 

L2are 

24 

0  are 

1  are 

2  a,r<i 

3  are 

4  are 


d  times 

3  times 

3  times 

3  times 

3  times 

3  times 

3  times 

3  times 

3  times 

3  times 

3  times  10  are 

3  times  11  are 

3  times  12  ai-e 


6  are 

7  are 
S  are 
9  are 


4  times 
4  |imes 
4  times 
4  times 
4  times 
4  tunes 
4  times 
4  times 
4  times 
4  times 
4  timers 
4  times 
4  times 


0  are 

1  are 

2  are 

3  are 

4  are 
o  are 


are  24 


7  are  28 

8  are  32 

9  are  3« 

10  are  40 

11  ai-e  44 

12  are  4S 


5  times 
5  times 
5  times 
5  times 


5  times 
5  times 
5  times 
5  times 
5  times 
5  times  10  are 
5  times  11  are 
i  5  times  12  are 


0  are 

1  are 

2  are 

3  are 

4  are 

5  are 

6  are 

7  are 

8  are 

9  are 


0 

5 
10 
15 
20 
25 
30 
35 
40  I 
45  I 
50 
55 


6  times 
6  times 
6  times 
6  times 
6  times 
6  times 
6  times 
6  times 
6  times 
6  times 
6  times 
6  times 
6  times 


Oare 

0 

lare 

6 

2  are 

12 

3  are 

18 

4  are 

24 

0  are 

30 

6  are 

36 

(  are 

42 

S  are 

48 

9  are 

54 

10  are 

60 

11  are 

66 

12  are 

72 

7  times  '  0 
7  times  1 
7  times  2 
7  times  3 
7  times  4 
7  times  5 
7  times  6 
7  times  7 
7  times  8 
7  times  0 
7  times  10 
7  times  11 
7  times  12 


are 

0 

are 

7 

are 

14 

are 

21 

are 

28 

are 

35 

are 

42 

are 

49 

are 

56 

arc 

63 

are 

70 

are 

77 

are 

84 

8  times 
8  times 
8  times 
8  times 
8  times 
8  times 
8  times 
8  times 
8  times 
8  times 
8  times 
8  times 
8  times 


0  are 

1  are 
'2  are 
&  are 
4  are 


5  are .  40 

6  are  48 

7  are 
S  iro 
9  are 

10  are 

11  are 

12  are 


9  times 
9  times 
9  times 
9  times 
9  times 
9  times 
9  times 
9  times 
9  times 
9  times 
9  times 
9  times 
9  times 


Oare 

0 

lare 

9 

2  are 

18 

3  are 

27 

4  are 

36 

5  are 

45 

6  are 

64 

8^  re 

63 
72 

9  are 

81 

10  are 

90 

n  are 

99 

12  ara 

108 

10  times 
lu  times 
10  times 
10  times 
10  times 
10  times 
10  times 
10  times 
10  times 
10  times 
10  times 
10  times 
10  times 


0  are 

0 

lare 

10 

2  are 

20 

3  are 

30 

4  are 

40 

5  are 

50 

6  are 

60 

7  are 

70 

8  are 

SO 

9  are 

90 

10  are 

100 

11  are 

110 

12  are 

120 

11  times 
11  times 
11  times 
11  times 
11  times 
11  times 
11  times 
11  times 
11  times 
11  times 
11  times 
11  times 
11  times 


0  are 

0 

lare 

11 

2  are 

oo 

3  are 

33 

4  are 

44 

0  are 

55 

6  are 

66 

7  are 

77 

8  are 

88 

9  are 

99 

10  are 

110 

Hare 

121 

12  are 

132 

12  times 
12  times 
12  times 
12  times 
12  times 
12  times 
12  times 
12  times 
12  times 
12  times 
12  times 
12  times 
12  times 


0  are 

1  are 

2  are 

3  are 

4  are 

5  are 

6  are 

7  are 

8  are  96 

9  are  108 

10  are  120 

11  are  132 

12  are  144 


34  MULTIPLICATION. 

Let  the  pupil  vary  and  extend  the  foliowing 

Mental  Exercises. 

1.  How  many  are  o  times  4  ?  4  times  3  ?  2  times  8  ?  8 
times  2  ? 

2.  How  many  are  7  times  9  ?  9  times  7  ?  11  times  6  ?  6 
times  11  ? 

3.  James  wrote  5  nine  times  and  added  them,  and  Mary  wrote 
9  five  times  and  added  them.  How  much  did  their  answei'S 
differ? 

4.  Harry  and  Jane  counted  the  trees  in  their  orchard :  one 
said  there  were  four  rows  of  12  trees  in  a  row,  the  other  said 
there  were  twelve  rows  of  4  trees  in  a  row.  Could  both  have 
been  right? 

5.  What  is  the  diflereiice  of  Value  between  nothing  expressed 
three  times  and  3  expressed  three  time*? 

6.  What  is  the  difference  of  value  between  0  expressed  eight 
times  and  0  expressed  four  times  ? 

7.  What  is  the  difference  of  value  between  0  expre^ed  7 
times  and  0  expressed  9  times? 

8.  What  cost  6  oranges  at  3  cents  apiece  ? 

Ans.  As  many  times  3  cents  as  there  are  oranges^  that  is,  6 
times  3  cents,  or  18  cents. 

9.  What  cost  10  melons  at  12  cents  apiece? 

10.  What  is  the  difference  of  cost  between  11  lemons  at  2 
cents  apiece,  and  2  pineapples  at  11  cents  apiece  ? 

11.  Sarah  bought  12  spools  of  thread  at  4  cents  apiece.     Not 
knowing  the  Multiplication  Table,  she  added  to  find  the  cost. 
Should  she  have  taken  12  four  times,  or  4  twelve  times  ? 
'""12.  One  man  traveled  9  days  12  miles  a  day,  and  anothei  12 
days  9  miles  a  day?     Which  made  the  longest  journey? 

13.  How  much  more  is  12  times  12  than  6  times  9  ? 

14.  A  boy  bought  8  peaches  at  2  cents  apiece,  and  offered  a 
twenty-five  cent  piece.  How  much  change  should  he  have  re- 
ceived ? 

15.  A  man  bought  10  pounds  of  sugar  at  8  cents  a  pound, 
and  4  quarts  of  molasses  at  9  cents  a  quart.  How  much  did 
both  cost  ? 

16.  A  boy  bought  10  pounds  of  flour  at  5  cents  a  pound,  but 
spilled  3  pounds  on  his  way  home.  How  many  cents'  worth 
were  left  ? 

Questions. — 35.  What  is  muitiplication?     Show  the  use  of  a  tabl^. 


MULTIPLICATION.  35 

Art.  30.  To  multiply  one  number  by  another  is  to  seek  the 
(Sum  of  the  first  taken  as  many  times  as  there  are  units  in  the  second. 

The  muUij^licand  is  the  number  of  whose  repeated  expression 
we  seek  the  sum ;  or,  simply,  the  number  to  be  multiplied. 

The  multiplier  shows  the  number  of  expressions  whose  sum 
we  seek :  or,  simply,  it  is  the  number  by  which  we  multiply. 

The  product  is  the  result  of  multiplication. 

The  multiplicand  and  multiplier  are  called  t\vQ^  factors  of  the 
product,  because  they  make  or  produce  it. 

The  dgn  (?f  multiplication  is  an  oblique  cross ;  thus,  X  •  The^ 
expression  3  X  8  =  24  may  be  briefly  read  thus.  3  into  8 
equals  24.  A  parenthesis  (  ),  inclosing  a  numerical  expression, 
signifies  that  the  value  of  that  expression  is  taken  as  a  single 
number.  Thus  (6-J-8  —  8)  X  ^  signifies  that  the  value  of 
6  -|-  8  —  3,  that  is  11,  is  to  be  multiplied  by  5.  A  vinculum, 
drawn  above  the  expression  thus,  6  -f-  8  —  3x5,  signifies  the 
same  thing. 

The  product  and  multiplicand  signify  the  same  things;  for  the 
nature  of  a  thing  is  not  changed  by  repeating  its  quantity. 

The  multiplier  is  an  abstract  number  in  the  p>rocess,  since  it 
then  merely  signifies  the  required  number  of  expressions  of  the 
multiplicand.  It  is  often  a  concrete  number  in  the  statement  of 
the  question. 

Illustratiox. — If  1  acre  of  land  costs  100  dollars,  7  acres  will 
cost  7  times  100  dollars ;  that  is,  700  dollars.  Here  the  product  is 
dollars  like  the  multiplicand,  and  the  multiplier  is  an  abstract  num- 
ber, though  concrete  as  given. 

WRITTEN  EXERCISES  IN  MULTIPLICATION. 
Case  I. 
Al't.  ST.     When  the  multiplier  consists  of  one  figure;  or 
of  a  number  small  enough  to  be  used  all  at  once. 

Ex.  1.  Multiply  365  by  8.  Ans.  2920. 

"Writtex  Process.  Mental  Process. 

8  times  5  units  =  40  units  =  4  tens  0  units. 

AVrite  0  under  the  units,  and  keep  in  mind  the  4 

•^  tens  for  carrying.     Then,  8  times  6  tens  =  48 

tens  ;  add  in  the  4  tens  carried,  making  52  tens 

292  0  =5  hundreds   2  tens.     AYrite  the  2  tens  and 

Questions. — 36.  What  is  the  multiplicand  ?  What  is  the  multiplier  ?  What 
is  the  product  ?  What  are  multiplier  and  multiplicand  called  ?  Why?  What 
is  the  sign  of  multiplication  ?  What  does  a  parenthesis  or  vinculum  signify  ? 
What  do  multiplicand  and  poduct  signify  ?  Why  ?  What  kind  of  number  is 
the  multiplier  ? 


365 


SQ 


MULTIPLICATION. 


Process  carry  the  5  hundreds.     Then  8  times  3  hun 

Illustrated.  dreds  =  24  hundreds :    add  in  the  5  hundreds 

3  g  5  carried,   makinp;    29    hundreds  =  2  thousands 

Q  9  hundreds.     Write  the  whole. 


Mental  and  Recitation  Model. 

8  times  5  are  40.  Write  0  and  carry  4.  8 
times  6  are  48  and  4  are  52.  Write  2  and  carry 
5.  8  times  3  are  24  and  5  are  29.  Write  the 
whole. 

Rule. — Beginning  with  the  units,  'multiply  in  ordur  each 
figure  of  the  multiplicand  hy  the  multiplier,  writing  the  right 
hand  figure  of  each  product,  and  carrying  the  left  as  in  uddi 
tion. 


40 

480 
2400 

2920 


Multiplicand. 
Multiplier. 

Product. 


Multiply 
By 

Ans. 


Examples  for  Practice. 
(2.)     (3.)     (4.) 


9847 

9 


2637 
9 


5841 

7 


(5.) 
40609 
3 


19694  23733   40887   121827 


(6.) 
1020300 
6 


(7.) 
7508604 
5 


(8.) 
30940^ 


07 


6121800   37543020   123763428 


9.  Multiply  30450670089  by  9.  Ans. 

10.  Multiply  21703489650  by  8.  Ans. 

11.  Multiply  47360590182  by  7.  Ans. 

12.  Multiply  69285031704  by  6.  Ans. 

13.  Multiply  50910827346  by  5.  *  Ans. 

14.  Multiply  78054093621  by  4.  Ans. 

15.  Multiply  82910730645  by  3.  Ans. 

16.  Multiply  95108207436  by  2.  Ans. 

17.  A  car  traveled  579  miles  in  one  day :  at  that  rate  how  far 
would  it  travel  in  9  days  ?  Ans.  5211  miles. 

18.  If  one  common  soldier  receives  8  dollars  a  month^  how 
many  dollars  a  month  would  pay  15674  soldiers? 

Ans.  125392. 


274056030801. 
173627917200. 
331524131274. 
415710190224. 
254554136730. 
312216374484. 
248732191935. 
190216414872. 


Question. — 37.  "WTiat  is  the  rule  when  the  multiplier  d«es  not  exceed  12  ? 
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Case  II. 

Art.  38.     When  the  multiplier  consists  of  more  than  one 
fiiTuro  or  of  a  number  too  lars-e  to  be  used  all  at  once. 

Ex.  1.  Multiply  946  by  24.  Ans.  22704. 

Written  Process. 

g^g  Mental  Process. 

24  4  times  946  +  20  times  946  =  24  times  946. 

First    multiply    by    4,    obtaining    3784 ;     next 

o'joA  multiply  by  2    tens.     Since  2  tens  X  6  is  the 

1  QQ9  same  as  6  times  2  tens  =  12  tens  =  1  hundred 
LoJ-i  2  tens,  write  2  under  the  tens,  and  carry  the 
~ 1  hundred  to   the   next  product,   &c.      Finally 

2  2704  draw  a  line  under  the  products  ;  and  add  them. 

Process  Illustrated. 

946  X  4=  3784 
946  X  20  =  18920 


946  X  (4  +  20)  =  22704 

Rule. —  Write  the  multiplier  under  the  viultiplicand,  miits 
under  units,  tens  under  tens,  &c.;  and  draw  a  line  under  them. 

Beginning  with  the  units,  multiply  in  order  each  figure  of  the 
mnltlplicand  hy  each  significant  figure  of  the  multiplier,  writing 
the  right-hand,  figure  of  each  product,  and  carrying  the  left,  as 
in  addition.  , 

^Yrite  the  products  obtained,  by  the  several  figures  of  the 
multiplier,  in  sepcmrate  lines,  so  that  the  right-hand  figure  of 
each  shall  be  under  that  figure  of  the  multiplier  which  pro- 
du<^d  it. 

Add  the  several  products,  to  obtain  the  whole  product. 

Proof. — First  Method.  ^  To  detect  error,  Ccxrefully  repeat  the 
multiplication,  or  multiply  the  multiplier  by  the  multiplicand. 
If  the  results  do  not  agree,  inspect  the  process  cautiously  again. 

Second  Method.  Add  together  the  figures  of  the  multipli- 
cand, dropping  from  the  reckoning  every  nine  as  fast  as  formed. 
Put  the  last  excess  over  nine  at  the  right  of  the  multiplicand. 
Do  the  same  with  the  multiplier  and  with  the  product.     Multi- 


Qur.STiONS. — 38.  ITow  do  we  write  the  multiplier?  How  do  we  multiply? 
How  do  we  write  the  products?  How  do  we  obtain  the  whole  product?  What 
is  the  first  method  of  proof? 
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ply  tlie  excess  of  the  multiplicand  by  that  of  tlie  multiplier,  and 
reject  the  nines  from  this  product.  The  excess  of  this  product 
should  equal  that  of  the  general  product. 


Example 


(2.) 
654 
349 


5886 
2616 
1962 

228246 


6  excess 

7 

42  6 


6  excess 


Explanation". 

6  +  5  ='  11.     Drop  9. 

2  remain.  2  +  4  =  6 
=  excess  of  multipli- 
cand. 

3  +  4  =  7.  Drop  the 
next  nine  and  7  =  ex- 
cess of  multiplier. 

7  X  6  =  42.  4  +  2 
=:  6  =  excess. 

Drop  nine.     8  remain.     3 


Now,  in  the  product  2  +  2  +  8  =  12. 
+  2  +  4  =  9.     Drop  it  and  6  remain. 

Remark. — None  of  these  methods  prove  the  work  to  be  right,  though 
their  application  will  very  probably  reveal  error,  if  it  exists. 

The  casting  out  of  7iines  as  above  would  fail  to  detect  such  wrong 
figures  in  the  product  as  would  give  the  same  excess  as  the  right  ones. 
Such  a  combination  of  wrong  figures  is  improbable. 


Examples 

(3.)  ' 
Multiply  35796 
By       408 

FOR  Practice. 

J.         1246853 
JF^                            9007 

286368 
143184 

•  8727971 
11221677 

Ans.  14604768 

(5.)' 
Multiply  12  013 
By      1204 

11230404971 

(6.)          (7.) 
.12013        5964 
'       1204         1111 

48052 
24026. 
12013 

48052        65604 
144156        65604 

14463652     6626004 

Ans.  14463652 

Questions. — 38.  "What  is  the  second  method  of  proof! 
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8.  A  railroad  259  miles  long,  cost  34618  dollars  per  mile; 
what  was  the  whole  cost?  Ans.  8966062  dollarss. 

9.  Multiply  151413  by  123.  Ans.  186237'99. 

10.  At  63  gallons  per  hogshead,  how  many  gallons  would 
729  hogsheads  hold?  Ans.  45927  gallons. 

11.  Multiply  708099605  by  4012. 

Ans.  2840895615260. 

12.  At  684  bricks  per  load,  how  many  bricks  could  be  drawn 
n  58  loads?  Ans.  39672. 

13.  How  many  are  (3412  X  85)  —  (2508  X  63)  ? 

Ans.  132016. 

14.  How  many  are  (5987  X  16)  +  (5987  X  61)  ? 

Ans.  460999. 

15.  How  many  are  (6009  X  69)  -f  (9006  X  96)  ? 

Ans.  1279197. 

16.  If  a  person  saves  365  dollars  annually,  how  many  dollars 
would  he  save  in  25  years?  Ans.  9125. 

17.  If  a  person  spends  475  dollars  annually,  how  many  dollars 
would  he  spend  in  36  years?  Ans.  17100. 

18.  Multiply  twenty  millions  fifty-five  thousand  eighty-four 
by  ninety-two  thousand  sixty-three. 

Ans.  1846331198292. 

19.  Multiply  eighty  thousand  seven    hundred    six  by  eight 
thousand  sixty-seven.  Ans.  651055302. 

.^  20.  How  many  pounds  of  iron  in  the  rails  of  a  railroad  32 
Qiiles  long,  1760  yards  making  a  mile,  and  65  pounds  making  a 
yard?     (N.B.  The  track  has  2  rails.)  Ans.  7321600. 

21.  If  one  soldier  consume  4  pounds  of  food  in  one  day,  how 
many  pounds  will  145698  soldiers  consume  in  tlie  same  time  ? 

Ans.  582792. 

22.  How  many  pounds  would  they  consume  in  365  days  ? 

582792  X  365  =  Ans.  212719080. 

23.  At  the  rate  of  197916  miles  in  a  second,  how  far  would 
light  travel  in  509  seconds?  Ans.  100739244  miles. 

24.  What  will  a  farm  of  456  acres  cost  at  46  dollars  per  acre? 

Ans.  20976  dollars. 

25.  How  many  hours  has  a  man  75   years  old  lived,  8766 
ours  making  a  year?  Ans.  657450. 

26.  How  many  meals  has  he  eaten,  if  he  has  eaten  1095  meals 
each  year?  Ans.  82125. 

27.  How  many  pounds  of  food  and  drink  has  he  consumed,  if 
he  has  taken  1438  pounds  each  year?  Ans.  107850. 

28.  If  each   house   consumed  428  bushels  of  coal  annually 
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what  would  be  the   consumption  in  a  town  containing  15769 
houses?  Ans.  6749132  bushels. 

29.  In  a  cornfield  there  were  89  rows  of  hills^  and  267  hills 
n  a  row.     What  was  the  whole  number?  Ans.  23763. 

30.  If  each  acre  produces  46  bushels  of  wheat,  how  many 
oushels  do  358  acres  produce?  Ans.  16468. 

31.  Multiply  10200809  by  705006.     Ans.  7191631549854. 

32.  Multiply  368427  by  10905.  Ans.  4017696435. 
o3.  If  each  person  breathed  2357  gallons  of  air  in  one  day, 

how  many  gallons   would   989879564   persons   breathe  in  the 
same  time?  Ans.  2333146132348. 

34.  Multiply  987654321  by  123456789. 

Ans.  121932631112635269. 

Al't.  30.  To  multiply  by  1  with  a  cipher  or  ciphers 
annexed. 

Ex.  1.  Multiply  58  by  10:  by  100.  Ans.  580:  5800. 

ExPLA^ATioiw.  In  the  Decimal  Notation,  each  removal  from  units 
one  place  to  the  left,  causes  a  figure  to  express  ten  times  more  than 
before.  (See  Art.  14.)  Therefore  annexing  one  cipher  to  a  number 
multiplies  that  number  by  10,  since  it  removes  the  number  one  place 
to  the  left ;  annexing  two  ciphers  multiplies  by  one  hundred  ;  &c. 

Rule. — Annex  to  the  multiplicand  all  the  ciphers  of  the 
multiplier. 

Ex.  2.  Multiply  5  by  10.  Ans.  50. 

Ex.  3.  Multiply  69  by  100.  Ans.  6900. 

Ex.  4.  Multiply  187  by  1000.  Ans.  187000. 

Ex.  5.  Multiply  4236  by  10000.  Ans.  42360000. 

Ex.  6.  If  100  men  subsisted  21  days  on  a  certain  quantity 
of  food,  how  long  could  1  man  subsist  on  the  same  ? 

Ans.  2100  days. 

Art.  4:0.  A  composite  numher  is  a  number  produced  by 
factors  greater  than  unity.  Thus,  32  is  a  composite  number, 
since  it  can  be  produced  by  4  X  8,  or  2  X  16,  or  2  X  2  X  2 
X2-X2. 

The  product  is  the  same  in  every  order  of  using  the  factors^ 
Thus,  4  X  8  =  8  X  4  =  32. 

Questions.— 39.  -How  do  we  multiply  by  10,  100,  1000,  Ac?  Why?— 40. 
What  is  a  composite  number  ?  Does  a  change  of  the  order  of  the  factors  change 
the  product  ? 
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ilrt.  ^11.     To  multiply  by  a  composite  number. 

Case  I. 
When  there  is  no  cipher  on  the  right  of  the  multiplier. 

dollars  a  ton? 
Ans.  4860  dollars. 


Ex.  1.  What  cost  108  tons  of  iron,  at  45  dollars  a  ton? 


Writtex  Process. 
108 

5  Mental  Process. 

45  is  9  times  5.     At  5  dollars  a  ton,  108  tons 

540  would  cost  108  times  5  dollars,  or  540  dollars. 
9  At  45  dollars  a  ton,  they  would  cost  9  times  540 
'_  dollars,  or  4860  dollars. 

4860 

Rule. — Find  a  convenient  set  of  factors  of  the  multiplier. 
3Iidtiply  the  multipUcand  hij  one  of  these  factors,  this  product  hy 
another,  and  so  on  till  each  factor  of  the  set  has  been  used.  The 
last  product  is  the  one  required. 

Remark. — This  method  does  not  always  save  labor,  especially  in  large 
multipliers  and  with  large  factors. 

Examples  for  Practice. 

2.  Multiply  8457  by  63  =  7  X  9.  Ans.  532791. 

3.  Multiply  9065  by  132  =  11  X  12.  Ans.  11965S0. 

4.  What  cost  1328  head  of  cattle  at  45  dollars  per  head  ? 

Ans.  59760  dollars. 

5.  What  cost  567  horses  at  108  dollars  apiece  ? 

Ans.  61236  dollars. 

6.  Does  multiplying  98597  by  1001,  using  the  factors  13,  11,  . 
and  7,  take  less  labor  than  the  common  method  ? 

Case  II! 
When  there  are   ciphers   on  the  right  of  either  number  or 
both.  V 

Ex.  1.     What  cost  900  wagons  at  80  dollars  apiece  ? 

Ans.  72000  dollars. 
WRiTT:eN  Process.  Mental  Process. 

900  This  is  a  case  of  using  factors.     Since  900  «= 

30  9  X  100,  and  80  =  8  X  10,  we  can  find  first 

the  product  of  the  significant  figures  8  and  9, 

'-'  oc\[\ri  ^^*i  ^h®'^  multiply  this  by  annexing  the  ciphers, 

'-^^^  (See  Art.  39.) 
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Rule. — Multiply  as  if  there  were  no  right-hand  ciphers,  and 
annex  to  this  product  as  many  ciphers  as  are  on  the  right  hand 
of  both  factors. 


Multiply 
By 

Examples  for  Practice. 

(2.)              (3.) 
438906         758900000 
2400         36 

1755624 

877812 

45534 

22767 

Answer. 

1053374400 

(4.) 
5360000 
7200 

27320400000 

(5.)- 
95200 
580000 

1072 
3752 

7616 

4760 

38592000000« 

55216000000 

6.  Multiply  129000  by  830.  Ans.  107070000. 

7.  Multiply  70600  by  45000.  Ans.  3177000000. 

8.  Find  the  product  of  3470  by  90000. 

Ans.  312300000. 

9.  Multiply  two  hundred  and  eight  millions  by  forty-three 
thousand.  Ans.  8944000000000. 

10.  Multiply  nine  millions  eight  hundred  by  seven  hundred 
sixty  thousand.  Ans.  6840608000000. 

11.  Multiply  5360000  by  84.  Ans.  450240000. 

12.  Multiply  98000000  by  53.  Ans.  5194000000. 

13.  Multiply  792  by  14000000.  Ans.  11088000000. 

14.  Multiply  460  by  90000.  Ans.  41400000. 

15.  If  nine  hundred  millions  of  .people  make  one  generation 
on  the  earth,  how  many  people  would  make  ninety-eight  genera- 
ions  ?  Ans.  88200000000. 

16.  If  light  moves  5878410000000  miles  in  1  year,  how  far 
would  it  move  in  6000  years  ? 

Ans.  35270460000000000  miles. 

17.  If  a  clock  tick  31557600   times   in   1  year,  how  many 
times  would  it  tick  in  40  years  ?  Ans.  1262304000. 
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CHAPTER  V. 

DIVISION.. 

Arto  4t2,  Division  is  the  process  by  whicli  we  find  how 
many  times  one  number  contains  another. 

Illustration. — 1st.  How  many  boys  must  pay  7  cents  each, 
to  pay  the  price  of  a  melon,  which  is  28  cents  ? 

Answer. — As  many  boys  as  7  cents  are  contained  times  in  28 
cents :  that  is,  4  boys.  Here  28  cents  are  divided  into  parts  of  7 
cents  each,  and  we  seek  the  number  of  such  parts. 

2d.  Four  boys  shared  equally  the  cost  of  a  melon,  which  was 
28  cents ;  how  many  cents  did  each  pay  ? 

Answer. — As  many  cents  as  4,  the  number  of  boys,  is  contained 
times  in  28,  the  number  of  cents :  that  is,  7  cents.  Here  28  cents  are 
divided  into  4  equal  parts,  and  we  seek  the  number  of  cents  in  each 
part. 

3d.  When  the  four  boys  shared  the  melon  equally,  how  much 
had  each  boy  ? 

Answer. — The  melon  was  divided  into  as  many  equal  parts  as 
there  were  boys,  viz.  4  parts,  called  fourths :  and  each  boy  had  as  many 
such  parts  as  the  number  of  boys  is  contained  times  in  the  number  of 
parts :  that  is,  1  part,  or  one-fourth  (written  ^)  of  the  melon.  Here 
the  expression  I  iiidicates  the  division  of  1  into  4  equal  parts,  and 
expresses  the  value  of  one  of  those  parts. 

Division  is  a  short  process  of  finding  the  number  of  times 
one  number  can  be  subtracted  from  another 

Illustration. — To  find  the  number  of  times  8  can  be  subtracted 
from  72,  we  need  not  write  72  and  perform  repeated  subtractions. 
We  can  remember  that  8  is  contained  in  72  nine  times  ;  and  if  we 
commit  to  memory  such  facts  in  regard  to  small  numbers,  we  can  use 
them  in  operating  with  large  numbers.  Hence,  to  facilitate  division, 
earn  the  following 

Questions. — 42.  "What  is  division  ?     For  what  is  it  a  short  process  ? 
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DIVISION    TABLE. 


1  in      0  no  time 

2  in  less  no  time 

3  in  less 

no  time 

1       1  in      11  time 

2  in      2    1  time 

3  in      3 

1  time 

j      1  in      2    2  times 

2  in      4    2  times 

3  in      6 

2  times 

1  in      3    3  times 

2  in      6    3  times 

3  in      9 

3  times 

1  In      4    4  times 

2  in      8    4  times 

3  in    12 

4  times 

1  in      5    5  times 

2  in    10    5  times 

3  in    15 

5  times 

1  in      6    6  times 

2  in    12    6  times 

3  in    18 

6  times 

1  in      7    7  times 

2  in    14    7  times 

3  in    21 

7  times 

1  in      8    8  times 

2  in    16    8  times 

3  in    24 

8  times 

1  in      9    9  times 

2  in    18    9  times 

3  in    27 

9  times 

4  in  less  no  time 

5  in  less  no  time 

6  in  less  no  time 

4  in      4    1  time 

5  in      5    1  time 

6  in      6 

1  time        1 

4  in      8    2  times 

5  in    10    2  times 

6  in    12 

2  times 

4  in    12    3  times 

5  in    15    3  times 

6  in    18 

3  times 

4  in    16    4  times 

5  in    20    4  times 

6  in    24 

4  times 

4  in    20    5  times 

5  in    25     5  times 

6  in    30 

5  times 

4  in    24    6  times 

0  in    30     6  times 

6  in    36 

6  times 

4  in    28    7  times 

5  in    35     7  times 

6  in    42 

7  times 

4  in    32    8  times 

5  in    40     8  times 

6  in    48 

8  times 

4  in    36    9  times 

5  in    45    9  times 

6  in    54 

9  times 

7  in  less  no  time 

8  in  less  no  time 

9  in  less  no  time       I 

7  in      7    1  time 

8  in      8    1  time 

9  in      9 

1  time       1 

7  in    14    2  times 

8  in    16    2  times 

9  in    18 

2  timea 

7  in    21     3  times 

8  in    24    3  times 

9  in    27 

3  times 

7  in    28    4  times 

8  in    32    4  times 

9  in    36 

4  times 

7  .in    35    5  times 

8  in    40    5  times 

9  in    45 

5  times 

7  in    42    6  times 

8  in    48     6  times 

9  in    64 

6  times 

7  in    49    7  times 

8  in    56    7  times 

9  in    63 

7  times 

7  in    56    8  timea 

8  in    64    8  times 

9  in    72 

8  times 

7  in    63    9  times 

8  in    72    9  times 

9  in    81 

9  times 

10  in  less  no  time 

11  in  less  no  time 

12  in  less 

no  time 

10  in    10    1  time 

11  in    11     1  time 

12  in    12 

1  time 

10  in    20    2  times 

11  in    22    2  times 

12  in    24 

2  times 

10  in    30    3  times 

11  in    33    3  times 

12  in    36 

3  times 

10  in    40    4  times 

11  in    44    4  times 

12  in    48 

4  times 

10  in    50     5  times 

11  in    55     5  times 

12  in    60 

5  times 

10  in    60    6  times 

11  in    66    6  times 

12  in    72 

6  times 

10  in    70    7  times , 

11  in    77     7  times 

12  in    84 

7  times 

10  in    80    8  times 

11  in    88     8  times 

12  in    96 

8  times 

10  in    90    9  times 

11  in    99     9  times 

12  in  108 

9  times 

Let  the  pupil  vary  and  extend  the  following 
Mental  Exercises. 


1.  How  many  times  2  in  0  ? 

2.  How  many  times  2  in  1  ? 
mains.     In  3  ?     In  5  ?     In  7  ? 

3.  How  many  times  3  in  0  ? 

4.  How  many  times  3  in  2  ? 
4?     In  5?     In  7?     In  8?     In 

5.  How  many  times  4  in  0  ? 

6.  How  many  times  4  in  3  ? 
En  2  ?     In  1  ?     In  5  ?    In  7  ? 

7.  How  many  times  5  in  0  ? 


In  4?     In  8?     Inl2?&o. 
Ans.    No  (0)  times  and  1  re- 
in 9  ?     In  11  ?     In  13  ?  &c. 
In  3  ?     In  6  ?     In  9  ?  &c. 

Ans.  0  times  and  2  remain.    Id 

10  ?     In  11  ?     In  13  ?  &c. 

In  4?     In  8?    In  12  ?  &c. 
Ans.  0  times  and  3  remain 

In  6  ?    In  9  ?    In  10  ?  &c. 
In  5  ?     In  10  ?     In  15  ?  &o 
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8.  How  many  times  5  in  4  ?  Ans.  0  times  and  4  remain. 
In  3  ?     In  2  ?     In  1  ?     In  6  ?     In  7  ?     In  8  ?     In  9  ?  &c. 

9.  How  many  times  6  in  0  ?     In  12  ?     In  18  ?     In  24  ?  &c. 

10.  How  many  times  6  in  5  ?  Ans.  0  times  and  5  remain. 
In  4  ?     In  3  ?     In  2  ?     In  1  ?     In  7  ?     In  8  ?     In  9  ?  &c. 

11.  How  many  times  7  in  0  ?     In  7  ?     In  14  ?     In  21  ?  &c 

12.  How  many  times  7  in  6?  Ans.  0  times  and  6  remain. 
la  5  ?     In  4  ?     In  3  ?     In  2  ?     In  1  ?     In  8  ?     In  9  ?  &c. 

13.  How  many  times  8  in  0  ?     In  8  ?     In  16  ?     In  24  ?  &c. 

14.  How  many  times  8  in  7  ?  Ans.  0  times  and  7  remain- 
In  6?     In  5?     In  4?     In  3?     In  2  ?     In  1  ?     In  9  ?  &c. 

15.  How  many  times  9  in  0  ?     In  9  ?     In  18  ?     In  27  ?  &c. 

16.  How  many  times  9  in  8  ?  Ans.  0  times  and  8  remain. 
In  7  ?     In  6  ?     In  5  ?     In  4  ?     In  3  ?     In  2  ?     In  1  ?  &c. 

17.  How  many  times  5  in  5  ?  In  50  ?  In  500  ?  In  5000  ? 
&c 

is.  How  many  times  9  in  9  ?  In  90  ?  In  900  ?  In  9000  ? 
&e. 

19.  How  many  times  can  you  dubtract  4  from  16  ? 

20.  How  many  times  can  you  subtract  12  from  89,  and  how 
many  would  remain  ? 

21.  If  a  boy  lias  37  cents  in  his  pocket,  and  pays  out  5  cents 
7  times,  how  many  has  he  left  ? 

Art.  4:S.  To  divide  one  number  hy  another  is  to  seek  the 
mimher  of  tirne^  the  latter  must  be  taken  in  addition  to  equal 
the  former.  Thus,  to  divide  27  hy  3  is  to  seek  hoic  many  times 
3  must  be  taken  to  equal  27. 

Comparing  division  with  multiplication,  we  see  that 

In  midf {plication,  the  times  are  given,  the  sum  is  requii-ed  ; 

In  division,  the  sum  is  given,  the  tijues  are  required. 

The  dividend  is  that  one  of  the  two  numbers  employed  m 
dividing  which  contains  the  other  number ;  or,  simply,  the 
dividend  is  the  number  to  be  divided. 

The  divisor  is  the  number  of  whose  being  contained  in  the 
dividend  we  seek  the  number  of  times ;  or,  simply,  the  divisor  is 
the  number  hy  which  we  divide. 

The  quotient  is  the  result  of  the  process,  and  signifies  tlie 
number  of  times  the  divisor  is  contained  in  the  dividend. 

The  remainder  is  the  excess,  whenever  the  divisof  is  not  cou- 

QcESTiONS. — 43.  "What  is  it  to  divide  one  number  by  another?  Cuuipare 
dividing  Avith  multiplying.  What  is  the  dividend  ?  "W'hiit  is  the  divisor  ?  What 
is  the  quotient  ?     What  is  the  remainder? 
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tained  an  exact  number  of  times  in  tlie  dividend.  It  is  of  the 
same  kind  as  the  dividend,  being  2i  part  of  it. 

In  the  process,  the  dividend  and  divisor  must  be  alike,  and 
the  quotient  is  an  ahstract  number;  but  in  the  statement  of  the 
question,  these  distinctions  are  not  observed.  Thus,  it  is  absurd 
to  say,  "  4  b^ys  are  contained  in  28  cents,  7  cents  times." 

The  signs  of  division  are, 

1st.  A  horizontal  line  having  a  dot  above  and  below  it, 
thus,  -=-. 

2d.  A  horizontal  line  having  the  dividend  above  and  the 
divisor  below  it. 

3d.  An  upright  line,  having  the  divisor  on  its  left,  and  the 
dividend  on  its  right. 

Thus,  12  divided  by  4  is  indicated  by  12  -f-4.  or  ^f,  or  4)12  . 

The  ohjcct  of  dividing  may  be  either 

To  divide  the  dividend  into  given  equal  parts,  to  find  their 
number  ;  or,  to  divide  the  dividend  into  a  given  number  of  equal 
parts,,  to  find  their  value  ;  that  is,  either  knowing  their  value  to 
find  their  number,  or,  knowing  their  number,  to  find  their  value. 

Art.  4:4.  The  equal  parts  that  make  a  quantity  have  dif- 
ferent names. 

A  half  of  a  quantity  is  one  of  two  equal  parts  that  make  that 
quantity. 

A  third  of  a  quantity  is  one  of  three  equal  parts  Ihat  make 
that  quantity. 

A  fourth  of  a  quantity  is  one  of  four  equal  parts  that  make 
that  quantity. 

■  K  fifth  of  a  quantity  is  one  o^  five  equal  parts  that  make  that 
quantity,  &c.  &c. 

Hence  a  whole  quantity  is  composed  of  tico  halves,  three  thirds, 
four  fourths,  five  fifths,  six  sixths,  &c.,  of  that  quantity. 

Writing  the  dividend  over  the  divisor  indicates  both  the  divi- 
sion of  the  dividend  into  as  many  equal  parts  as  there  are  units 
in  the  divisor,  and  the  value  of  one  of  those  parts. 

Thus  ^f"  signifies  12  divided  into  4  equal  parts,  and  also  07ie 
fourth  of  twelve,  or  twelve  fourths  of  one  ;  or  three. 

Questions. — 43.  "What  kind  of  number  must  the  remainder  be  ?  Why  ? 
What  kind^'of  numbers  must  dividend,  divisor,  and  quotient  be?  Why? 
AVhat  the  signs  of  division  ?  What  may  the  object  in  dividing  be  ? — 44. 
What  names  have  the  equal  parts  of  a  quantity  ?  Of  how  many  such  equaJ 
parts  is  a  quantity  composed  ?  What  is  signified  by  writing  the  dividend  over 
bo  divisor? 


\ 
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The  number  is  read  twelve  fourths,  or  twelve  over  four. 

Such  a  number  is  called  a  fraction,  because  it  signifies  the 
breaking  of  a  number  into  equal  parts,  and  expresses  the  value 
of  one  of  those  parts. 

In  reference  to  the  wholeness  of  what  is  signified,  numbers  are 
of  three  classes,  viz.,  integral,  fractional,  and  mixed. 

An  integer  is  a  number  expressing  one  or  more  units:  as,  1,  8, 
27j  &c.     Integers  are  also  called  whole  nnmhers. 

K  fraction  is  a  number  expressing  one  or  more  parts  of  a  unit 
as,  i,  I,  f,  &c.  ^  ,     n        . 

A  mixed  number  is  a  number  composed  of  an  integer  and  a 
fraction  :  as,  3 2^,  which  is  read  three  and  one  half. 

Let  the  pupil  extend  the  following 

Mental  Exercises. 

1.  What  is  1 /*«(/•  of  4?   6?    8?   10?    12?    14?   16?  &c. 

2.  What  is  1  third  of  1  ?    3  ?   6  ?   9  ?    12  ?   15  ?    18  ?  &c. 

3.  WhatislMr^/i  of  1?   2?    3?  4?    8?   12?   16?  &c. 

4.  Whatisl>/^Aof  1?   5?    10?   15?   20?   25?   30?  &c. 

5.  What  is  1  ^sixth  of  5  ?   6  ?   12  ?   18  ?  24  ?  30  ?   36  ?  &c. 

6.  What  is  1  sei;e«^A  of  1  ?   2?   3?   7?    14?   21?   28?  &c. 

7.  Wh2itis  1  eighth  of  1?   7?   8?   16?   24?   32?  40?  &c. 
S.  Whsitis  1  ninth  of  1?    2?    4?    5?    9?    18?    27?  &c. 
9.  Whatisl  fe7i^^of  8?    7?   9?   10?   20?   30?   40?  &c. 

10.  Whatisl  e/ei;e72^7iof8?   11?   22?   33?   44?    55?  &c. 
U.  ^hsit  k  1  twelfth  of  b?    7?    11?    12?    24?    36?  &c.^ 

12.  How  many  halves  in  1  thing?  2  like  things?  3  like 
things?  &c. 

13.  How  many  thirds  in  1  thing?  2  like  things?  3  like 
things?  &c.  &c.  &c.  &c. 

14.  Henry  gave  his  brother  y''^  of  his  orange :  how  much  had 
he  left? 

Mextal  Process. — Since  12  twelfths  of  an  orange  are  the  whole 
of  it,  if  7  twelfths  be  given  away,  there  will  remain  12  —  7  =  5 
twelfths  of  the  orange.  ^|^ 

15.  If  a  person  contribute  j'o  of  his  income  to^fcneTolont 
purposes,  how  much  does  he  retain? 

16.  If  one-seventh  of  our  days  is  devoted  to  rest,  how  many 
arc  devoted  to  labor?  A 

Questions. — 44.  Why  is  such  a  number  called  a  fraction  ?  How  are  number» 
classed  as  to  the  wholeness  of  the  thing  signified?  What  is  an  integer?  A 
fraction?     A  mixed  number ? 
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17.  If  a  person  spends  |  of  his  income  for  rent,  i  for  cloth- 
ing, and  I  for  other  purposes,  how  much  does  he  save? 

Mental  Process.— i  +  i  +  |  =  |,  all  that  is  spent.  Then  the 
part  not  spent  is  |  —  f  =  |  of  his  income. 

18.  If  I  of  a  crop  of  potatoes  rot  in  the  ground,  and  |  rot 
after  gathering,  how  many  escape  decay? 

19.  If  y\  of  an  army  are  killed  in  battle,  and  Jy  desert,  and 
y*Y  are  sick  in  the  hospital,  how  many  remain  in  service? 

20.  How  many  are  |  of  20?  •• 

Mental  Process. — One-fourth  of  20  is  5 ;  and  ^/ireg-fourths  must 
be  three  times  Jive,  or  15. 

21.  How  many  are  I  of  32?    of  48?    of  64?   of  88? 

22.  If  a  bushel  of  wheat  cost  84  cents,  what  cost  -f^  of  a 
bushel  ? 

Mental  Process. — If  1  bushel  cost  84  cents,  -^^  of  a  bushel  costs 
j^  of  84  cents,  that  is  7  cents ;  and  if  j'^^  of  a  bushel  cost  7  cents, 
/j  of  a  bushel  will  cost  5  times  7  cents ;  that  is  35  cents. 

23.  If  1  yard  of  broadcloth  cost  12  dollars,  how  much  does 
I  of  a  yard  cost  ?    |  of  a  yard  ?    |  of  a  yard  ?    J  of  a  yard  ? 

N.'^24.  If  I  of  a  ton  of  hay  cost  16  dollars,  what  costs  1  ton  ? 

Mental  Process. — If  eight-ninths  of  a  ton  cost  16  dollats,  one- 
ninth  will  cost  \  of  16  dollars,  that  is  2  dollars  :  and  if  |  of  a  ton 
cost  2  doUars,  |  or  1  ton  will  cost  9  times  2  dollars,  that  is  18  dullars. 

25.  At  45  dollars  for  |  of  an  acre  of  land,  what  is  the  price 
per  acre  ? 

26.  How  many  persons  could  receive  half  a  pound  of  sugar 
each  from  3 J  pounds? 

Mental  Process. — As  many  as  there  are  halves  in  three  and  a 
half.  Since  1  pound  is  2  half  pounds,  3  pounds  are  3  times  2  half 
pounds,  that  is  6  half  pounds ;  and  the  other  half  pound  added 
makes  IJa^  pounds.  Ans.  7  persons. 

27.  How  many  quarter  yards  in  b\  yards?     In  2f  yards? 

28.  How  many  eighths  of  an  inch  in 6|  inches?     In  91  inches? 

29.  How  many  gallons  are  held  by  10  half  gallon  bottles? 

Mental  Process. — If  2  half  gallons  make  1  gallon,  10  half 
gallons  Avill  make  as  many  gallons  as  2  is  contained  times  in  10, 
that  is  5  }2;:allons.       *» 
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30.  How  many  units  in  1/ ?    'i?    '^^l    '^^  ?    ffr' 

31.  At  6-f  cents  per  yard,  what  cost  8  yards  of  muslin? 

Mextal  Process. — If  1  yard  cost  6J  cents,  8  j^ards  will  cost  8 
times  67  cents,  which  is  equal  to  8  times  6  cents  plus  8  times  j  of  & 
cent.  8  times  6  cents  are  48  cents  ;  8  times  q-  of  a  cent  are  f  of  a 
cent,  equal  to  2  cents ;  48  cents  -f  2  cents  =  50  cents,  the  answer. 

82.  At  121  cents  a  pound,  what  cost  G  pounds  of  coffee? 
4  pounds?    2  pounds? 

33.  At  10  cents  a  peck,  what  cost  2^  pecks  of  potatoes? 

Mental  Process. — If  1  peck  cost  10  cents,  2  pecks  will  cost  2 
times  10  cents,  that  is  20  cents ;  and  ^  of  a  peck  will  cost  J  of  10 
cents,  that  is  5  cents  ;  therefore  2^  pecks  will  cost  20  cents  +  5  cents 
—  25  cents. 

34.  At  8  cents  a  pound,  what  cost  Si  pounds  of  starch?  7i 
pounds?    8f  pounds?    9^  pounds? 

35.  John  spent  18  cents  for  lemons  at  2  J  cents  apiece  :  how 
many  did  he  buy? 

Mental  Process. — lie  bought  as  many  as  2^-  cents  are  contained 
times  in  18  cents,  or  as  many  as  9,  the  number  of  quarters  in  2-^,  ia 
contained  times  in  72,  the  number  of  quarters  in  18  ;  that  is  8  lemons. 

36.  If  22  yards  of  cloth  be  cut  into  pieces  of  5^  yards  each, 
how  many  pieces  would  there  be? 

WRITTEN   EXERCISES   IN   DIVISION. 
Process  I. — Short  Division. 

Afi't.  4:5.  When  the  divisor  consists  of  one  figure,  or  of  a 
number,  the  operations  with  which  are  easily  retained  in  the 
mind. 

When  the  mental  procC':^ses  performed  in  written  division  are 
not  expressed  in  the  written  process,  but  merely  their  results, 
the  method  is  called  Short  Division. 

Ex.  1.  Divide  120580  by  6.  Ans.  20096|. 

Written  Process.  Mental  Process. 

6)120580  Ginl  hundred  thousand,  no  hun- 

. dreds  of  thousands  of  times,  and  1 

20096^  hundred   thousand   remain.   ■  Unite 

®  with  it  the  2  tens  of  thousands,  making 

QuasTiONS. — 45.  What  i.>  sliovl  di\-Lsio.n  ?     When  is  it  used  ? 
I> 


1 
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PROOF.  12  tens  of  thousands.     Then  G  In  12 

2  0  0  9  6|  tens  of  thousands,  2  tens  of  thousands 

6  of  times.     Write  2  under  the  tens  of 

thousands.     6  in  0  no~times.     Write 

1205~b  ^  under  0.     6  in  5  hundreds  no  livn- 

,  R\/4  24  ^''^(^-^  of  times,  and  5  hundreds  re- 

^  /\  ^  g  main.  Write  0  under  the  hundreds, 
and  unite  the  8  tens  with  them,  mak 
12  0580  =  Dividend.  ing  58  tens.  6  in  58  tens  9  tens  of 
times,  and  4  tens  remain.  Write  9  under  the  tens,  and  unite  the 
units  with  the  remaining  4  tens,  making  40.  6  in  40  6  times  and 
4  remain.  Write  6  under  the  units,  and  represent  the  4  remainder  as 
divided  into  6  equal  parts,  by  writing  the  divisor  under  it,  making  |, 
which  is  read   four-sixths. 


Mental  and  Recitation  Model. 

6  in  1  impossible;  prefix  1  to  2,  making  12.  6  in  12  2  times. 
Write  2.  6  in  0  no  times.  Write  0.  6  in  5  no  times  and  5 
remain.  Write  0  and  prefix  5  to  8,  making  58.  6  in  58  9  times 
and  4  remain.  W^rite  9  and  prefix  4  to  0,  making  40.  6  in  40 
6  times  and  4  remain.  W^rite  6  and  the  divisor  under  the  re- 
mainder, making  i. 

/  o     fa 

Rule. —  Write  the  divisor  at  the  left  of  the  dividend^  drawing 
one  line  between  them,  and  another  under  the  dividend. 

Divide  successivelj/  the  figures  of  the  dividend  frovfi  left  to 
right,  writing  the  quotient  under  the  figure  divided,  and  mentally 
'prefixing  each  remainder  to  the  next  figure  for  the  next  division. 

When  the  divisor  is  greater  than  the  figure  or  figures  to  he 
divided,  write  a  cipher  in  the  quotient,  and  prefix  the  figure  or 
figures  as  a  remainder  to  the  next,  for  the  next  division.  To 
the  quotient,  annex  the  last  remainder,  with  the  divisor  under  it. 

Proof. — To  detect  error,  carefully  repeat  the  process,  or 
multiply  divisor  and  quotient  together  and  add  the  remainder  to 
the  product.     The  result  should  equal  the  dividend. 

Note. — Since  the  quotient  shows  how  many  times  the  dividend  contains 
the  divisor,  it  is  plain  that  the  divisor,  taken  as  many  times  as  there  are 
units  in  the  quotient,  must  equal  the  dividend.  Hence  also,  multiplica- 
tion may  be  proved  by  dividing  the  product  by  one  factor,  obtaining 
the  other. 


Questions. — 45.  What  is  the  rule?    What  is  the  method  of  proof?    Why? 
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Examples  for  Practice. 

(2.)  (3.)  (4.) 

2>151003  3)503010  4)40706050 


75501^  167670  10176512| 

2  3  4 


Proof.    151003  503010  40706050 

(5.)  (6.)  (7.) 

5) 11459  085     6) 74747492905        7)987654321 


2291817  124579154841  1410934743 

5    - 


Proof.  11459085 

(8.)  •  (9.) 

8  )  7000060000  9) 53214210310 


875007500  5912690034| 

(10-.)  (11.) 

11) 1020304050607  12) 112131415161718 


92754913691-j6j-  9344284596809i|. 

12.  Find  the  sum  of  918273645  ~  5  +  6135043002  -f-  6. 

Ans.  1206161896. 

13.  Find  tlie  difference  of  7056904832  h-  4  —  511261135 
-=-  7.  Ans.  1691188903. 

14.  If  a  township  of  64000  acres  were  divided  equally  among 
9  persons,  how  large  a  portion  would  each  receive  ? 

Ans.  7111-i  acres. 

15.  Divide  1430150  by  13.  Ans.  IIOOII/3. 

16.  Eleven  heirs  share  equally  an  estate  of  131516  dollars: 
Ijow  many  dollars  does  each  receive?  Ans.  11956  dollars. 

17.  How  many  persons  must  contribute  each  8  dollars  to  fur- 
nish a  hall  at  the  cost  of  776  dollars  ?  Ans.  97  persons. 

18.  Seven  partners  share  equally  the  loss  of  a  ship  and  cargo 
valued  at  458948  dollars.     "What  was  the  loss  of  each  ? 

Ans.  65564  dollars. 
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19.  If  an  army  of  75428  men  were  separated  into  4  equal 
divisions,  how  many  would  be  in  eacli  ?  Ans.  18857. 

20.  Three  heirs  inherited  property  which  sold  at  658473 
dollars.     Sharing  equally,  what  did  each  receive  ? 

Ans.  219491  dollars. 

21.  Two  men  bought  a  factory  for  147600  dollars.  What 
must  each  pay  if  they  share  equally  ?         Ans.  73800  dollars. 

22.  In  how  many  days  would  a  person,  going  12  miles  a  day 
travel  around  the  globe,  24858  miles  ?         Ans.  2071y^2  ^^ys. 

Art.  4:6.  The  average  of  several  numbers  is  that  number 
which,  taken  as  many  times  as  there  are  numbers,  would  equal 
the  sum  of  the  numbers. 

.    Rule. —  To  find  the  average  of  several  quantities,  divide  their 
sum,  hy  their  number. 

Ex.  23.  A's  age  is  47,  B's  63,  C's  76,  D's  31,  E's  54,  and 
F's  42  years.     What  is  the  average  of  their  ages  ? 

Ans.   52  i  years. 

24.  Seven  clerks  receive  the  following  salaries:  A  1500 
dollars,  C  1200,  E  900,  F  700,  H  500,  J  450,  and  K  350. 
What  is  the  average  of  their  salaries  ?  Ans.  800  dollars. 

25.  Stephen  Ball  sold  horses  at  the  following  prices  :  two  at 
125  dollars  apiece,  four  at  225  dollars  apiece,  two  at  87  dollars 
apiece,  and  three  at  75  dollars  apiece.  What  did  they  average 
him  ?  Ans.  140/^  dollars. 

26.  What  is  the  average  of  790654,  58442,  3031,  750075, 
47080,  and  273322  ?  Ans.  320434. 

27.  If  a  thermometer  stands  60  degrees  in  the  morning,  95 
at  noon,  and  76  in  the  evening,  what  is  the  average  heat  of 
the  day  ?  Ans.  77  dee-rees. 

28.  A  weighs  159  pounds,  B  181,  C  145,  and  D  134."^  What 
is  their  average  weight  ?  Ans.  154f  pounds. 

Process  II. — Long  Division. 

Art.  47.  When  the  divisor  consists  of  more  than  one 
figure,  or  of  a  number,  the  operations  with  which  are  not  easily 
retained  in  the  mind. 

When  the  mental 2^rocesses  performed  in  dividing  are  expressed 
in  the  written  process,  the  method  is  called  Long  Division. 
. ^ 

Questions. — 46.  What  is  the  average  of  several  numbers  ?  '  How  is  it 
found  ? 
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1.  Illustration  with  Oxe  Figure. 
Dividend. 
Divisor,  5)975(195  Quotient. 
5 


47 
45 


25 
25 


Analysis  of  the  Process. 
5)900  +  70  +  5 
500 


400 
70 

470 

450 

20 
5 

25 


100 
90 
5 

195 

Explanation. 
In  short  division  ttg  should 
say,  5  in  9  once  and  4  remain, 
mentally  performing  the  multi- 
plication of  1  X  5,  and  the  sub- 
traction of  5  from  9.  In  long 
division  we  write  1  at  the  right 
hand  in  the  quotient's  place,  then 
put  the  product  of  1  X  5  under 
9,  the  figure  divided,  then  draw 
a  line,  subtract,  and  write  the 
remainder  4.  In  short  division 
we  should  mentally  prefix  4  to  7, 
making  47.  In  long  division 
we  write  7  at  the  right  hand  of 

4,  making  47.  Then  5  in  47  9 
times.  Write  0  as  the  next  quo- 
tient figure  and  the  product  9  X 
5  under  47,  and  subtract,  leaving 
2.     Bring  down  the  next  figure 

5,  making  25.  Then  5  in  25 
five  times.  Write-  5  in  the 
quotient,  and  5  X  the  divisor  5 
=  25  under  25.  As  0  remains, 
and  there  are  no  more  figures  in 
the  dividend,  the  division  ia 
finished. 


2.  Illustration  with  Two  Figures. 
Dividend.  Explanation. 

Divisor,  24)34560(1440  Quotient.     This  is  performed  like  tho 
24  '  preceding  illustration.     But 

when  the  divisor  is  so  large 

I  A  c  that  we  cannot  tell  how  many 

Q  n  times  it  is  contained  in  the 

figures  divided,  we  must 
Ttiake  a  trial,  1^  using  the 
left-hand  figures  of  each.' 
Thus,  not  perceiving  the 
times  24  is  contained  in  105, 


96 
96 


0 


we  say  2  in  10  five  times ; 


but  trying  5  X  24  and  find- 
ing it  more  than  105,  we  try  4,  which  is  one  less.  The  product  96, 
being  less  than  105,  we  can  subtract  and  proceed  in  the  same  way 
with  the  other  figures.  Finally  24  in  0  no  times  :  write  0  in  the 
quotient. 
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3.  Illustration  with  Three  Figures 
Dividend. 

IHvisor,  491)99695(203,?/^  Quotient.         Explanation. 

9  0  2 

This  is  performed 

-1  .gc  ^      like     the    preceding 

^  ,^Q  *     illustrations,    -except 

-•-■^^^  that,      after      9      is 

brought  down  to  14 

22  in  the  first  remainder, 

making  149,  it  will  not  contain  491.    Then  say,  491  in  149  no  times ; 

write  0  in  the  quotient  and  bring  down  5,  making  1495,  and  proceed 

as  usual. 

Rule. — Draw  a  line  at  the  left  and  right  of  the  dividend, 
and  lorite  the  divisor  at  the  left. 

Find  how  inany  times  the  divisor  is  contained  in  the  fewest  left 
hand  figures  of  the  dividend  that  will  contain  it,  and  write  the 
quotient  at  the  right  hand  of  the  dividend. 

Subtract  the  product  of  the  divisor  hy  this  quotient  figure  from 
the  figure  or  figures  divided,  and  at  the  right  of  the  remainder 
write  the  next  figure  of  the  dividend. 

Divide  as  before  the  number  thus  formed,  proceeding  as  stated 
till  ever?/  figure  of  the  dividend  has  been  used. 

When  the  number  formed  by  the  remainder  and  the  next 
figure  of  the  dividend  does  not  contain  the  divisor,  write  0  in 
the  quotient  and  bring  down  the  next  figure  of  the  dividend. 

To  the  quotient  annex  the  last  remainder  with  the  divisor 
under  it. 

Note. — 1.  In  large  numbers,  it  is  best  to  try  for  the  quotient  figure 
with  only  the  left-hand  figure  of  divisor  and  dividend. 

Note. — 2.  If  a  product  is  greater  than  the  corresponding  partial  divi- 
dend, try  a  less  quotient  figure  than  that  which  produced  it. 

Note. — 3.  If  a  remainder  is  greater  than  the  divisor,  try  a  greater 
quotient  figure  than  that  which  produced  it. 

Proof. — First  Method^. — Proceed  as  directed  in  Short  Divi- 
sion. 

Seeond  Method. — Add,  as  they  stand,  the  remainder  and  the 
several  partial  products.  The  sum  should  be  equal  to  the  divi- 
dend.    (See  note,  p.  65.) 

Questions. — 47.  What  is  long  division  ?  What  is  the  rule  for  long  division? 
What  is  tlie  first  method  of  proof?     What  is  the  second? 
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Third  Method. — Subtract  the  remainder  from  the  dividend 
and  divide  the  difference  by  the  quotient.  The  result  should 
equal  the  divisor. 

Fourth  Method. — Multiply  the  excess  over  nines  (see  Ex.  5)  in 
the  figures  of  the  divisor,  by  that  in  the  figures  of  the  quotient. 
To  the  excess  in  the  figures  of  this  product,  add  the  excess  in 
the  figures  of  the  remainder.  The  excess  in  the  figures  of  this 
sum  should  equal  that  in  the  figures  of  the  dividend. 

Examples  for  Practice. 
(4.)  Proof  by  Multiplication. 

37)69009(1865  1865  Quotient. 

37  3  7  Divisor. 


320  13055 

296  5595 


240 


4  Remainder. 


222  69009  dividend. 


189 
185 


(5.)  (5.) 

^) 325761(3324  Proof  hy  casting  out  nines. 

-|-294  Excess  in  quotient  =  3 

Excess  in  divisor    =  8 

pl7  Product  24 

-h-^"l  Excess  in  product        6     • 


236 
+196 


Excess  in  remainder     0 
Excess  in  sum  6 

Excess  in  dividend       6 


401 

-[-392,  Note.— The  proof  hy  addition  is  of  little 

value,  because  it  does  not  detect  error  in 

the  partial  products,  if  the  subtractions 
are  correct. 


+y 


Proofby   325761 
Addition. 


Questions. — 47.  What  is  the  third  method  of  proof?     "^Tiat  is  the  fourth? 
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(6.) 
456)3652188(8009 
3648 


4  4188 


(6.) 
Proof  by  Division, 
3652188 

8  4  remainder. 


4104       Quotient,  8009)3652104(456 
32036 


84 


44850 
40045 

48054 
48054 


7.  Divide  28476  by  14. 

8.  Divide  585086  by  15. 

9.  Divide  121737  by  16. 

10.  Divide  1616615  by  17 

11.  Divide  365472  by  18. 

12.  Divide  361413  by  19. 

13.  Divide  8684415  by  123. 

14.  Divide  36666504  by  456. 

15.  Divide  25259835  by  789. 

16.  Divide  8560234  by  91. 

17.  Divide  7953247  by  82. 

18.  Divide  4162387  by  73. 

19.  Divide  3409792  by  64. 

20.  Divide  4959185  by  55. 

21.  Divide  24058035  by  4005. 

22.  Divide  1880498233  by  1912. 

23.  Divide  1498686882  by  4466. 

24.  Divide  300880248  by  9084. 

25.  Divide  83810205  by  12345. 


Ans.  2034. 

Ans.  3900511. 

Ans.  7608-j9g. 

Ans.  95095. 

Ans.  20304. 

Ans.  1902114. 

Ans.  70605. 

Ans.  80409. 

Ans.  32015. 

'Ans.  94068if. 

Ans.  96990|J. 

Ans.  57019. 

Ans.  53278. 

Ans.  90167. 

Ans.  6007. 

Ans. .  983524^Vt%- 

Ans.  335577. 

Ans.  33122. 


Ans.  6789. 

26.  Divide  ninety-four  thousand  eiglit  bundred  tliirty-three, 
by  three  hundred  sixty-nine.  Ans.  257. 

27.  If  in  one  year  the  expenditures  of  government  were  sixty- 
four  millions,  five  hundred  twenty-nine  thousand,  eight  hundred 
ten  dollars,  how  much  would  that  be  a  day,  allowing  365  days  in 


year 


Ans.  176794  dollars. 
28.  The  whole  population  of  Pennsylvania  in  1850  was  two 
millions,  three  hundred  eleven  thousand,  three  hundred  eighty 
six,  and  there  were  sixty- three  counties :  what  was  the  averag- 
per  county?  Ans. 


36688|f. 
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29.  Ohio  had  87  counties,  and  one  million  nine  hundred 
eighty  thousand,  three  hundred  twenty-nine  people:  what  was 
the  average  per  county?  Ans.  22762||. 

30.  In  a  library  of  259  books,  there  were  125874  pages:  what 
waSfthe  average  per  book?  Ans.  486  pages. 

31.  The  common  version  of  the  Bible  contains  31173  verses : 
how  many  verses  per  day  must  a  reader  average  to  read  through 
the  book  in  365  days?  Ans.  85^ ||  verses. 

32.  An  estate  of  eighty-five  thousand  eight  hundred  dollars 
was  inherited  by  a  widow  and  four  children  :  what  was  the  share 
of  each  child  after  the  widow  had  taken  one-third  ? 

Ans.  14300  dollars. 

33.  If  the  population  of  a  county  is  138290,  and  the  ex- 
penses' of  punishing  criminals  in  that  county  in  one  year  are 
twenty-seven  thousand  six  hundred  fifty-eight  dollars,  what  is  the 
average  cost  for  each  inhabitant  ?  Ans  i  of  a  dollar. 

34.  What  is  the  value  of  the  expression  (  "^  )  X  (  — ^-^  ) 
_f.(16-^2'X^)— 7?  Ans.  100. 

35.  What  is  the  value  of  the  expression  (18  X  3)  -^  (-^^  ) 

_|.2x.8-|-3x((3-4)?  Ans.  37.     ' 

Art.  4:8.     To  divide  by  1  with  a  cipher,  or  ciphers  annexed, 
Ex.  1.  It  cost  a  family  of  ten  persons  986  dollars  in  one  year 
to  live.     What  WPS  the  averao^e  per  person? 

Ans.  98yfi^  dollars. 

Illustration.  Explanation. 

-.  |/%  X  qq  jr.  QSjL  ^^  Decimal  iS^otation,  each  approximation 

I     J     ^\  JO*        »ne  place  towards  the  place  of  ?;?«7,9,  causes 

a  figure  to  express  ten  times  less  than  before.  Therefore  cutting  ofi" 
one  figure  from  the  right  of  a  number  has  that  efi'ect  upon  the  re- 
maining figures,  and  the  figure  cut  oS"  can  be  represented  as  divided 
by  10.  The  result  is,  therefore,  a  quotient  produced  by  dividmg 
by  10. 

Rule. —  Cut  off  from  the  right  of  the  dividend  as  raany 
figures  as  there  are  ciphers  in  the  divisor.  The  part  of  the 
dividend  on  the  left  of  the  line  is  the  quotient;  that  on  the  right 
'jf  it  the  remainder. 

QtJESTioxs. — 4j8.  How  do  we  divide  by  1  with  ciphers  annexed  ?     "Why  ? 
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Examples  for  Practice. 

2.  Divide  8862  by  10.  Ans.  386/^. 

3.  Divide  5274  by  100.  Ans.  52^^^. 

4.  Divide  61988  by  1000.  Ans.  61^%%%. 

5.  Divide  547623942  by  100000.  Ans.  5476jVi5Vo%- 
Art.  4L0.     To  divide  by  a  composite  number. 

Case  I. 

When  10  is  not  one  of  the  factors. 

Ex.  1.  Divide  1933  by  72.      ^  Ans.  2Q^. 

Illustration. 
12)1933 


6)  161  twelves  -|-  1  unit. 

2  6  seventy-twos  -f  5  twelves. 
5  X  12  +  1  ==  61.     True  Remainder. 

Explanation. 

In  this  operation,  we  use  any  convenient  set  of  factors  of  72, 
dividing  by  one  factor,  then  that  quotient  by  another,  and  so  on,  till 
every  factor  of  the  set  has  been  used.  To  find  the  irue  remainder, 
observe  that  1933  units,  divided  into  groups  of  12  units  each,  make 
161  twelves,  and  one  unit  remains.  Then  these  161  twelves,  divided 
into  groups  of  six  twelves  each,  make  26  seventy-ticos,  and  five  twelves 
remain.  Now,  the  true  remainder  must  be  the  sum  of  these  re- 
mainders ;  that  is  five  tweloes  -\-  one  =61. 

Other  factors  of  72  may  be  used  as  divisors,  in  any  order,  with  the 
same  results. 

Rule. —  Take  any  convenient  set  of  factors  of  the  divisoi , 
and  divide  the  dividend  first  hy  one  factor^  then  that  quotient  hy 
another,  and  so  on  till  every  factor  of  the  set  has  been  used  as  a 
divisor.      The  last  quotient  is  the  true  one. 

Multiply  each  remainder  hy  all  the  divisors  preceding  the  one 
that  produced  it,  and  add  together  these  products  with  the  first 
remainder.      This  sum  is  the  true  remainder.  ^ 

Examples  for  Practice. 

2.  Divide  1811423  by  84  =  12  X  7.     Ans.  21564    |    47. 

3.  Divide  537069  by  132  =  11  X  12.     Ans.  4068    |    93. 

Questions. — 49.  How  do  we  divide  by  a  composite  number  when  10  is  not  a 
fector  ?     How  do  we  get  the  true  remainder  ?     Why  ? 
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4.  Divide  642879  by  88  =  11  X  8.         Ans.  7305    |    39. 

5.  Divide  511299  by  105  =  5  X  3  X  7. 

^  Ans.  4869    |    54. 

6.  Divide  106998  by  135  =  5  X  9  X  3.      Ans.  792^'^%. 

Case  II. 
When  there  ar^cipliers  on  tbe  right  of  the  divisor. 
Ex.  1.  A  carriagVmaker  sold  60  carriages  for  23218  dollars; 
what  was  that  apiece?  Ans.  386|§  dollars. 

Written  Process.  Mental  Process. 

ftin  \  9Q91IQ  ^\^\^  is  a  case  of  using  factors.     Since  60  = 

0 1 U  )  ^  rf  ^  i  I »  6  X  10,  we  can  first  cut  off  one  figure,  to  divide 

fcy  10,  and  then  divide  by  6.  This  gives  the 
3  8  6 1 5  8  first  remainder  8  units^  and  the  second  5  Uns^ 

making  the  true  remainder  58. 

KuLE. —  Cut  off  the  ciphers  from  the  right  of  the  divisor,  and 
as  many  figures  from  the  right  of  the  dividend.  Then  divide 
the  remaining  figures  of  the  dividend  hy  the  remaining  figures 
of  the  divisor.  To  the  remainder  annex  the  figures  cut  off  from, 
the  dividend^  to  obtain  the  true  remaimder. 

Examples  for  Practice. 
2.  Divide  7856934  by  2400.  Ans.  3273^1^^. 

24  I  00)  78569  |  34(3273^|^J 

72 


65 

48 

17a 

168 

8f 
72 

1734 

3.  Divide  24689753  by  9800.  ,   Ans.  25193|53 

4.  Divide  5270368  by  90000.  Ans.  58|QM8 

5.  Divide  95456723  by  2100000.  Ans.  45  95  6723 

6.  Divide  638419000  by  45000.  Ans.  I4I874V 

Question. — i9.  How  do  we  divide  when  the  divisor  ends  with  ciphers  ? 
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CHAPTER  VI. 

CONTRACTIONS.* 

Art.  50.  In  large  and  tedious  operations  in  multiplication 
and  division,  it  is  expedient  to  seek  tlie  shortest  possible  method 
of  arriving  at  the  result.  The  following  are  some  of  the  cases 
in  which  the  labor  may  be  lessened. 

CONTRACTIONS   IN  MULTIPLICATION. 
CaS|^I. 
When  the  multiplier  is  a  convenient  part  of  1©#,  1OQ0,  &e. 
Ex.  1.  Multiply  95S4  by  25.  Ans.  239100. 

Written  Process.  Mental  Process. 

4)9  5  6400  Because  25  is  I  of  100,  25  times  a  number  is  ^  of 

'  a  100  times  that  number.     Hence  annexing  two 

.^oQ-i  A  A       ciphers  multiplies  9564  by  100,  and  dividing  that 
.^  o  J  i  U  U       product  by  4  produces  25  times  9564. 

KuLE. — Annex  to  the  multi2:)licand  the  ciphers  of  100,  1000, 
*hc.,  and  take  that  paH  of  the  result,  which  the  multiplier  is  of 
100,  1000,  &c. 

TABLE   OF   PARTS. 

m  io§.  #f  \m^. 

1  Q  1    1 

]4|  =  > 
16|  =  J 
25  =\ 
33}  =-.  -J 

3  o 

3-i  ==  I 
59    =  i 

Examples  for  Practice. 
2.  Multiply  7632  by  112*.  Ans.  858600. 

Written  Process.  Mental  Process. 

8)763200  Since  \Vll  is  once  and  one-eidith  (1^) 

95400  of  a  hundred,  if  we  multiply  7632  by  100 

and  add  \  of  this  product  to  itself,  the 

8  58600  •       result  is  the  product  of  7632  by  112^-. 

*  This  chapter,  excepting  that  part  which  reLates  to  cancellation,  can 
tie  omitted,  if  desirable,  till  the  pupil  is  more  advanced. 

QuKSTiONS. — 50.  What  should  we  seek  to  do,  in  large  operations  ?  How  can 
tvc  lessen  labor,  when  the  multiplier  is  a  convenient  part  of  100,  1000,  &c.? 


^^6|-=  5 

125  =1 

750  =  1 

.75  =f 

142«  =  4 

8334  =  ^ 

83i  =  1 

166f  =  1 

875  =  1 

87*  =  1 

250'  ==  1 

1125  =1| 

1121  =  \\ 

3331  =  1 

1142fi  =  14 

114f  =  1-1 

375  =  1 

1166f  =  11 

116f  =  11 

625  =z| 

1250  ==:1-- 

1331  =  \\ 

666|  =  f 

13331  =  1.; 
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3. 

4. 
5. 
6. 

7. 
8. 

2598    X    125  =824750. 
30427  X  '1661=5071166  J. 
54558  X    1161^6365100. 
6708    X  11661=7826000. 
80808  X    87*  =7070700. 
12246  X    83i  =1020500. 

9.  564    X 133J  : 

10.  705    X25 

11.  1545x1333^: 

12.  2172  X      33^: 

13.  578    X     875: 

14.  3248  X     62 J: 

=  75200. 
=  17625. 
=  2060000 
=  72400. 
=  505750. 
=  203000 

Case  II. 
Art.  51.     Wlien  the  multiplier  is  any  number  of  nines. 
Ex.  1.  Multiply  54637  by  999. 

Process  Illustrated. 
54637000  =  54637  X  1000 
54637  =  54637X         1 


Ans.  54582363. 
Mental  Process. 


54582363  =  54637  X     999 


999  is  one  less  than  1000. 
Hence,  subtracting  once 
54637  from  1000  times  54637 
will   give   999  times-  54637. 


Rule. — Annex  to  the  inultiplicand  as  inani/  ciphers  as  there 
are  nines  in  the  imdtiplier,  and  suhtract^the  multiplicand  from 
the  residt. 

Examples  for  Practice. 

2.  Multiply  827364  by  9999.       •  Ans.  8272812636. 

3.  Multiply  90306    by  99999.  Ans.  9030509694. 

4.  Multiply  37914    by  999999.  Ans.  37913962086. 

Case  III. 

Art.  5S.  When  all  the  figures  of  the  multipher  are  the 
same. 

Ex.  1.  Multiply  39485  by  7777.  Ans.  307074845. 

Written  Process. 
394850000 
39485 

Mental  Process. 
Since  7  is  |  of  9,  we  can  multiply  as 
if  the  multipliers  were  all  nines,  and 
take  I  of  that  product. 


9)894810515 


438678; 


307074845 


Question. — 51.  How  do  we  proceed  wlien  the  multiplier  is  all  nines?     Jilx-. 
pl;^  the  process 
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Rule. — Multiply  as  if  the  figures  were  nines,  and  tahe  that 
part  of  the  product  which  the  figure  is  of  nine. 

Examples  for  Practice. 

2.  123987456  X  444444  =  Ans.  55105480894464. 

3.  789321654  X  333333  =  Ans.  263106954892782.  ■ 

4.  27374757  X  888888  =  Ans.  24333093000216. 

5.  9989769   X  555555  =  Ans.  5549866116795. 

Case  IY. 

Art.  53,  "^^en  the  multiplier  has  two  significant  figures, 
and  begins  or  ends  with  1. 

Rule. —  Consider  the  multiplicand  as  a  product  hy  the  1,  and 
place  the  other  product  under  it  as  much  to  its  right  or  left  as  is 
required  hy  the  nature  of  the  multiplier. 

Illustrative  Processes. 

(1-)       ,    (2.)  (3.) 

1854  X  IT      9581X108   6435x1005 
12978  76648        32175 


31518                    1034748 

(4.)                           (5.) 
379X61             468X701 
2274                    3276 

6467175 

(6.) 
1269  X5001 
6345 

23119 

7.  :Multiply 

8.  Multiply 

9.  Multiply 

10.  Multiply 

11.  Multiply 

12.  Multiply 

328068                     6346269 

Examples  for  Practice. 
234567  by      19.                   Ans.  4456773. 
354657  by      18.                   Ans.  6383826. 
958473  by    106.                   Ans.  101598138. 
5239      by    901.                   Ans..  4720339. 
3745      by      71.                   Ans.  265895. 
16278    by  8001.                   Ans.  130240278. 

Case  V. 
Art.  54.     When  one  portion  of  the  multiplier  is  a  factor 
of  another. 

Questions. — 52.  How  do  we  proceed  when  the  figures  of  the  multiplier  ara 
the  same  ?     5.S.  IIow  when  it  is  of  two  digits,  and  begins  or  ends  with  1  ? 
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Ex.  1.  Multiply  327654  by  729.  Ans.  238859766. 

Written  Process.  Mental  Process. 

327654  Since  72  is  8  times  9,  if  we  multiply  by  8 

729  the  partial  product,  resulting  from  using  9, 

we  arriTC  at  once  at  the  product  by  72,  the 

9QJ.ftS<^r  other  figures  of  the  multiplier.      The  sum 

9  '^  r  Q 1  n  ft  Q  ^^  these  two  products  must  be  equal  to  the 

Zo'oJiObb  gyjj^  Q^  ^Ijq  ^i^j.ge  pi-oducts  by  9,  2,  and  7. 

Here  we  consider  the  72  as  tens,  and  the 

238859766  first  figure  of  its  product  must  be  written  in 

the  column  of  tens. 

Rule. —  WJienever  it  icill  save  lahor,  multipli/  any  convenient 
'partial  product  hy  that  factor  loliich,  Diidtiplied  into  its  pro- 
ducing figure,  uould  make  it  equal  another  part  of  the  multiplier. 
The  partial  product  thus  produced  icould  answer  for  that  of  said 
other  part  of  the  multiplier.  So  use  the  whole  multiplier,  and 
add  the  partial  products. 

Examples  for  Practice. 

2.  Multiply  7563124  by  14412.         Ans.  108999743088. 
Note. — Here  multiply  first  by  12,  then  that  product  by  12. 

3.  Multiply  8403215  by  108369.       Ans.  910648006335. 
Note. — First  9,  then  4  times  that  for  36,  then  3  times  that  for  108. 

4.  Multiply  90847316  by  378637.       Ans.  34398155188292. 
Note. — First  7,  then  9  times  that,  then  6  times  that. 

5.  Multiply  4591328  by  6618212.     Ans.  30363425425536. 
Note.— First  12,  then  11  times  that,  then  half  of  that. 

CONTRACTIONS  IN  DIVISION. 
Case  I. 
Art.  53,     When  the  divisor  is  a  convenient  part  of  10, 
100,  1000,  &c. 
Ex.  1.  Divide  473657  by  12^  Ans.  37892^5_6^. 

Written  Process.  Mental  Process. 

473657  Since  8  times  12^  are  100,  it  is  plain  that 

8  100  is  contained  in  8  times  the  dividend  as 

many  times  as  12J  is  contained  times  in  the 

q  Y  c  Q  9 1  ;^  «  dividend.    Hence,  multiply  the  dividend  by  8, 

'  and  divide  the  product  by  100. 

Questions. — 54,  How  do  we  proceed  when  one  portion  of  the  multiplier  is  a 
factor  of  another  ?     55.  How  do  we  proceed  when  the  divisor  is  a  convenient 
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KuLE. — Multiply  the  divisor  and  aividend  hy  that  factor 
which  iDould  make  the  divisor  10,  100,  1000,  &c.,  and  then 
divide. 

Examples  for  Practice. 

2.  Divide  337448  by  16t.  Ans.  20246^-%. 

3.  Divide  795861  by  125.  Ans.  6366y%8_j. 

4.  Divide  902728  by  2J.  Ans.  361091^^^. 
Note.— 2^  is  I  of  10. 

5.  Divide  840127  by  14f .  Ans.  58808y%9^. 
a.  Divide  721424  by  333^  Ans.  2164-^^0%. 

Case  II. 

Art.  06.  When  the  divisor  and  dividend  have  the  same 
factor  involved  in  them. 

If  the  dividend  and  divisor  are  both  divided  hy  the  same  num 
her,  the  quotient  of  the  resulting  numhers  is  the  same  as  that  of 
the  numhers  hefore  such  division. 

Illustration. 

6)36-^12  =  3  Here  U  and  12  can  both  be  divided 

6  -f-     2  =  3  by  6,  and  the  remaining  factor  6  of  tlie 

4"\36-:-12=:3  dividend  contains  the  remaining  factor 

(\  _\_     ^  3  2  of  the  divisor  still  3  times.     So  if  we 

""^  divide  both  by  4,  the  remaining  factor 
9  of  the  dividend  contains  the  remaining  factor  3  of  the  divisor  still 
3  times. 


Cancellation  is  a  process  designed  to  shorten  the  labor  of 
dividing,  by  removing  the  factors  common  to  divisor  and  divi- 
dend. "^ 

The  process  of  cancellation  is  usually  represented  by  drawing 
a  line  across  the  number  from  which  a  factor  is  rejected,  and 
writing  the  remaining  factor  adjacent  to  the  number  thus 
crossed. 

Ex.  1.  A  merchant  sold  to  a  farmer  25  yards  of  cloth  at  4 
dollars  a  yard,  and  took  his  pay  in  wheat  at  4  dollars  a  sack. 
How  many  sacks  did  he  receive  ?  Ans.  25  sacks. 

part  of  10,  100,  1000,  &c.?  56.  If  dividend  and  divisor  are  both  divided  by 
the  same  number,  what  is  the  quotient  of  the  result?  "What  is  cancellation? 
How  is  the  process  represented? 


ceive  ? 
Written  Process. 

^       14       ^ 
??X^?X(} 

27  X 

9 
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Written  Process.  Explanation. 

4X25  Instead  of  finding  the  cost  of  the  whola 

=  25  piece  of  cloth  by  multiplying  2-5  by  4,  and 

4  again    dividing   by   4   to   find   the    number 

'  of  sacks  of  wheat,   it  is  only  necessary  to 

indicate  these  processes,  and  then  remove  or  cancelthe  factor  4  from 

both  divisor  and  dividend.     The  quotient  is  at  once  seen,  since  the 

divisor  is  reduced  to  1. 

Ex.  2.  Sold  12  loads  of  coal,  each  containing  42  bushels,  at 
6  cents  a  bushel,  and  took  pay  in  cotton  cloth,  each  piece  con- 
taining 27  yards,  at  8  cents  a  yard.     How  many  pieces  did  I  re- 

Ans.  14  pieces. 
Mental  Process. 
I  received  as  many  pieces  as  the  number 
of  times  that  the  cost  of  the  coal    contains 
the  cost  of  one  piece.      Hence,  arrange  the 
factors  of  the  cost  of  the  coal  as  a  dividend, 
and  those  of  the  cost  of  one  piece  of  cloth  as 
the  divisor.    Then  cancel  as  follows: — 3  from 
^  ^  12    and   27    leave   4   and   9 ;  cross    12   and 

27.  Then  3  from  42  and  9  leave  14  and  3  ;  cross  42  and  9.  Then 
3  from  6  and  3  leave  2  and  1  ;  cross  6  and  3.  Then  cross  the  2 
above  and  the  2  below,  and  14  is  the  only  number  left.  Another 
method  could  have  been  pursued,  with  the  same  result. 

Ex.  3.  Divide  25  X  *!  X  24  by  21  X  15.  Ans.  7^1 . 

Written  Process.  Explanation. 

5                    8  STfrom  25  and  15 

5!^X4X?^     5X4X8       160  leave  5  and  3 ;  cross 

^ z= =72^-  25  and  15.     Then  3 

21X10              7X3            21          ''  from  24  and  21  leave 

J          €>  8  and  7 ;  cross  24  and 

21.  Since  no  other  factor  can  be  taken  both  from  dividend  and 
divisor,  we  must  divide  the  product  of  the  remaining  factors  5X4 
X  8  by  that  of  the  remaining  factors  7X3. 

Rule. —  Write  the  factors  of  the  dividend  above  a  line  with 
the  sign  of  midtiplication  between  them  ^  and  those  of  the  divisor 
below  the  line  in  the  same  manner. 

Notice  ichat  number  above  contains  the  same  factor  as  any 
number  below.  Conceive  this  factor  tahen  out  of  both  numbers  ; 
cross  them;  and  set  their  remaining  factors  near  them. 

Do  thus  till  there  is  no  factor  found  in  both  dividend  and 

Question. — What  is  the  rule  for  canceling? 
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divisor  ;  then  multiply  all  the  factors  that  are  left  in  the  dividaul 
for  a  dividend,  and  all  that  arc  left  in  the  divisor  for  a  divisor. 
Divide  with  these  products  as  usucd. 

Note, — The  pupil  is  earnestly  recommended  to  resort  to  this  method 
of  contraction,  whenever  it  will  lessen  labor  without  obscuring  the 
written  process. 

Examples  for  Practice. 
4.  Divide  9  X  15  X  ^8  by  6  X  5  X  ^-  Ans.  54. 

Another  Method. 

^0      p  3  Many  prefer  Avriting  the  factors  of  the 

K  t  0  3  dividend  on  the  right  of  a  line  and  those 

4  8  I  '^  6  ^^  ^^^  divisor  on  the  left,  as  in  this  pro- 

^  ^  ^  "^  cess.       The    pupil    should    adopt    that 

method   which   is    most    convenient    to 
him. 


3X3  X6  =  54 

5.  Divide  24  X  36  X    60  by    8  X    9  X  10.       Ans.     72. 

6.  Divide  18  X  30  X    96  by    2  X  10  X  16.       Ans.  162. 

7.  Divide  25  X  75  X  125  by  25  X  25  X  25.       Ans.     15. 

8.  Excbanged  8  kegs  of  butter,  each  containing  36  pounds, 
at  18  cents  a  pound,  for  64  sacks  of  potatoes,  each  containing 
3  bushels.     What  did  the  potatoes  cost  a  bushel  ? 

Ans.  27  cents. 

9.  Exchanged  15  barrels  of  pork,  each  containing  200  pounds, 
at  10  cents  a  pound,  for  16  barrels  of  fish,  each  containing  220 
pounds.    What  did  the  fish  cost  a  pound  ?         Ans.  8|f  cents. 

10.  How  many  barrels  of  apples,  each  containing  3  bushels,  at 
50  cents  a  bushel,  must  be  given  for  9  boxes  of  raisins,  each 
containing  25  pounds,  at  16  cents  a  pound  ?     Ans.  24  barrels. 


QUESTIONS  INVOLVING  THE  FOUR  FUNDAMENTAL  RULES. 

1.  M.  Kidd  bought  532  acres  of  land,  at  12  dollars  per  acre, 
and  sold  it  at  23  dollars  per  acre ;  what  did  he  gain  ? 

Ans.  5852  dollars. 

2.  F.  Mills  bought  a  farm  of  325  acres,  at  25  dollars  per 
acre,  and  paid  2575  dollars  down.  How  much  remained  to  be 
paid  ?  Ans.  5550  dollars. 

3.  S.  Parker  bought  96  cords  of  oak  wood,  at  6  dollars  per 
cord,  24  cords  of  hickory,  at  8  dollars  per  cord,  and  17  cords  of 
pine  wood,  at  3  dollars  per  cord.     What  did  the  whole  cost  ? 

Ans.   819  dollars. 


/d 


QUESTIONS.  07 

4.  "Wm.  Kicli  sold  from  his  trees  in  one  year  488  bushels  of 
peaches,  at  2  dollars  a  bushel,  29  bushels  of  cherries,  at  3  dollars 
a  bushel,  and  143  barrels  of  apples,  at  2  dollars  a  barrel.  What 
did  he  get  for  all  ?  Ans.  1349  dollars. 

5.  Bought  at  A.  Camp's  store  oh  yards  of  broadcloth,  at  8  doh 
lars  per  yard,  12  yards  satinet,  at  1^  dollars  per  yard,  and  1^ 
yards  satin,  at  6  dollars  per  yard.  I  offered  him  a  hundred 
dollar  bill ;  how  much  change  should  I  receive  ? 

Ans.  32  dollars. 

6.  A.  walked  15  miles  one  day,  22  the  next,  25  the  next,  and 
18  the  fourth.    ^\^hat  was  the  average  ?     Ans.  20  miles  a  day. 

T.  Having  to  travel  2840  miles  by  railroad,  I  went  525  miles 
the  first  day,  462  the  second,  397  the  third,  and  540  the  fourth. 
How  many  miles  remained  to  be  traveled  ?       Ans.  916  miles. 
.  In   1   day  there    are    24    hours ;    how   many  hours  in    7 
ays  ? 

9.  In  1  pound  of  sugar  there  are  16  ounces;  how  many  ounces 
in  2000  pounds  ? 

10.  In  1  mile  there  are  5280  feet;  how  many  feet  in  161 
miles  ?  .  Ans.  88000  feet. 

11.  Fourteen  thousand  three  hundred  eighty-seven,  and 
another  number,  amount  to  nineteen  thousand  one  hundred  and 
three.     "What  is  that  other  number  ?  Ans.  4716. 

/■  12.  Two  thousand   one   hundred   seventy-five   multiplied  by 
another  number  produces  180525 ;  what  is  the  other  factor  ? 

Ans.  83. 
'     13.  The  quotient  is  709,  the  remainder  142,  and  the  dividend 
3579174 ;  what  is  the  divisor  ?  Ans.  5048. 

14.  J.  Dale  opened  the  year's  business  with  B642  dollars,  and 
closed  it  with  10235  dollars.  What  was  his  whole  or  net  gain? 
His  average  gain  per  day  ? 

x\ns.  1593  dollars;  4|||  dollars. 

15.  G-.  Perry  made  in  a  year's  business  1846  dollars,  but 
saved  from  his  gains  only  720  dollars ;  what  were  his  average 
daily  expenses  ?  Ans.  33^^  dollars. 

16.  At  a  certain  mill,  18  hands  are  paid  2  dollars  per  day,  76 
hands  IJ  dollars  per  day,  128  hands  IJ  dollars  per  day,  and  35 
hands  1  dollar  per  day.  What  is  paid  for  labor  per  day?  What 
is  the  average  per  hand  ? 

xVns.  345  dollars  per  day;  1//;^  dollars  average  per  hand. 
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17.  T.  Starr  bought  896  barrels  of  flour,  at  4  dollars  per 
barrel;  51  barrels  spoiled  so  tbat  tbey  were  thrown  away;  145, 
being  less  injured,  he  sold  at  3  dollars  per  barrel;  the  remainder 
he  sold  at  7  dollar's  per  barrel.  Did  he  gain  or  lose,  and  how 
much  ?  Ans.  Gained  1751  dollars. 

18.  C.  Allen  bought  an  ox  weighing  1260  pounds,  at  4  cents 
a  pound.  On  slaughtering  and  dressing  it,  he  sold  the  hide 
weighing  100  pounds,  at  62-  cents  a  pound,  the  fore-quarters, 
each  weighing  180  pounds,  at  7  cents  a  pound,  and  the  hind- 
quarters, each  weighing  160  pounds,  at  9  cents  a  pound.  Did 
he  gain  or  lose,  and  how  much  ?         Ans.  Gained  1010  cents. 

19.  What  is  the  difference  between  (2  X  9)  -f  70,  and  2  X 
79?  .  Ans.  70. 

20.  How  many  days  would  it  take  to  count  one  million,  count- 
ing fifty  thousand  per  day  ?  Ans.  20  days. 

21.  D.  Boyd  bought  of  R.  Kennedy  a  house  and  farm  for 
4280  dollars,  for  which  he  paid  Kennedy  4  horses,  valued  at  125 
dollars  apiece,  15  tons  of  hay,  at  23  dollars  per  ton,  720  bushels 
of  wheat,  at  li  dollars  per  bushel,  and  the  balance  in  cash.  How 
much  money  did  he  pay?  Ans.  2535  dollars. 

22.  Obtain  the  product  of  17359824  X  14472189,  by  four 
partial  products.  x\ns.  251234653934736. 

23.  E.  Mercer  bought  an  equal  number  of  pairs  of  boots  and 
shoes ;  for  the  shoes  he  gave  2  dollars  a  pair,  and  for  the  boots 
4  dollars  a  pair;  he  gave  450  dollars  for  all.  What  was  the 
number  of  pairs  of  each  ?  Ans.  75  pairs. 

24.  The  planet  Neptune  is  calculated  to  be  about  2856000000 
miles  from  the  sun ;  how  long  would  it  take  a  locomotive  to 
travel  that  distance,  at  the  rate  of  596  miles  a  day  ? 

Ans.  4791946l||  days. 

25.  How  many  years  would  that  be,  at  365  days  per  yeaj-'r 
(Excluding  the  fraction.)  -  Ans.  13128 f||  years. 

26.  A  pipe  leading  into  a  cistern  delivers  65  gallons  per  hour, 
and  another  discharges  from  the  cistern  on  the  average  28  gal- 
lons per  hour;  how  long  will  it  take  the  cistern  to  gain  16872 
ii'allons  ?  Ans,  456  hours. 

27.  If  one  pipe  can  fill  a  cistern  holding  720  gallons  in  12 
hours,  and  another  empty  it  in  18  hours,  how  long  will  it  take 
the  cistern  to  fill,  if  both  are  left  open  ?  Ans.  36  hours. 
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CHAPTER  VII. 

FEDERAL,  OR  UNITED  STATES  MONEY. 

Art.  57,  Federal3Ioney,  or  United  States  3Ioiiey,  is  tLe 
legal  currency  of  the  United  States  of  North  America. 

Its  denominations  are  Eagles,  Dollars,  Dimes,  Cents,  and 
Mills. 


Table. 


10  Mills  (marked  m.)  make 
10  Cents 
10  Dimes 
10  Dollars 

1  Cent, 
1  Dime, 
1  Dollar, 
1  Eagle, 

Mms. 

Cents.                Dimes. 

D. 

II  II  II  II 

rH  O 

1 
10      =          1 
100     =       10 
1000      =      100 

= 

marked 


Dollars. 


=  1 


ct. 
d. 

E. 

Eat'le. 


10  = 


The  coins  of  the  United  States  are  : — 

1st.  Of  alloyed  gold,  the  Double-Eagle,  Eagle,  Half-Eagle, 
Quarter-Eagle,  Three-Dollars,  and  Dollar.  The  mixture  is  18 
parts  gold,  1  part  silver,  and  1  part  copper. 

2d.  Of  alloyed  silver,  the  Dollar,  Half-Dollar,  Quarter-Dollar, 
Dime,  Half-Dime,  and  Three-Cent-piece.  The  mixture  is  9  parts 
silver  and  1  part  copper;  except  the  Three-Cent-piece,  which  is 
3  parts  silver  and  1  part  copper. 

3d.  Of  copper,  or  alloyed  copper,  the  Cent  and  Half-Cent. 

Note. — The  weight  of  the  Eagle  is  258  grains  Troy,  and  that 
of  the  other  gold  coins  is  in  proportion  to  their  values.  The 
Half-Dollar  weighs  192  grains  ',  Quarter-Dollar  96  grains  ;  Dime 
38 1  grains;  Half-Dime  19i  grains;  Three-Cent-piece  lli^o% 
grains  :  old  copper  Cent  168  grains ;  and  the  cent  of  copper  and 
nickel,  72  grains.  The  old  silver  dollar,  now  mostly  superseded 
by  the  gold  dollar,  weighed  412^  grains. 


Questions. — 57.  What  is  Federal  Money  ?     "What  are  its   denominations  ? 
Repeat  the  table.     What  are  the  coins  of  the  United  States  ? 
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Al't.  58.  The  Dollar  is  the  unit  of  United  States  Money 
In  business  transactions  the  only  denominations  used  are  dollars, 
cents,  and  mills. 

United  States  Money  is  written  like  simple  numbers,  separating 
dollars  from  cents  by  a  point,  called  the  separatrix,  and  some- 
times cents  from  mills  by  a  comma.  Thus,  187  dollars,  14  cents, 
and  5  mills  are  written  ^187.14,5,  or  S187.145.  This  facility 
results  from  the  value  of  a  greater  denomination  being  tenfold 
that  of  the  next  less,  as  in  simple  numbers. 

Aft.  59.     To  read  numbers  in  United  States  Money. 

Rule. —  Call  all  on  the  left  of  the  separatrix  dollars,  the 
next  tioo  figures  cents,  the  next  figure  mills,  and  the  next  figure- 
tenths  of  a  mill. 

Note. — For  further  information  on  the  figures  at  the  right  of  mills,  see 
Decimal  Fractions,  Art.  145, 

Exercises. 
Pronounce,  or  write  in  words,  the  following  numbers :  — 


%     cts.  m. 

1.  17.2  5,3. 

2.  458.00,5. 
3.6983.04,8. 


$       cts.  m. 

4.  3101.10,13. 

5.  50  02.02,07. 

6.  27640.00,00. 


$  cts.  m. 

7.  200408.11,11. 

8.  3050709.05,09. 
9.85043206.00,   1. 


Al't.  60.     To  write  numbers  in  United  States  Money. 

Rule. — First  icrite  the  dollars,  then  two  figures  for  cents,  and 
one  figure  for  mills.  When  cents  are  not  given,  or  only  one 
figure  of  them  is  given,  fill  the  vacant  places  with  ciphers. 

Exercises. 

Write  in  figures  the  following  numbers. 

1.  Sixty-five  dollars,  six  cents.  Ans.  $65.06. 

2.  Three  hundred  and  two  dollars,  twenty  cents,  five  mills. 

3.  Fourteen  dollars,  four  cents,  four  mills. 

4.  One  hundred  and  one  dollars,  one  mill. 

5.  Forty-eight  dollars,  fifty  cents,  five  mills. 

QnEBTlONS. — 58.  What  is  the  unit  of  Federal  Money  ?  What  are  its  busioesa 
denominations  ?  Hoyf  is  it  written  ?  Why  ? — 59.  How  do  we  read  numbers  in 
Federal  Money  ? — 60.  How  do  we  write  numbers  in  Federal  Money  ? 
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REDUCTION  OF  UNITED  STATES  MONEY. 

Art.  61.  Reduction  of  United  States  Money  is  changing 
a  number  expressed  in  one  of  its  denominations,  so  as  to  express 
its  value  in  another. 

Case  I. 

To  reduce  to  a  lower  denomination. 

Cents  become  milh  by  multiplying  by  10,  or  annexing  one 
cipher. 

Dollars  become  cents  by  multiplying  by  100,  or  annexing  two 
ciphers. 

Dollars  become  mills  by  multiplying  by  1000,  or  annexing 
three  ciphers. 

Ex.  1.  Reduce  $416.17  to  cents.  Ans.  41617  cents 

Explanation.  Suggestion. 
^416                  =41600  cents.         This  result  may  be  reached 
1 7  cents  =           17  cents,     by  simply  removing  the  sepa- 
ratrix. 


Ans.  41617  cents. 

Ex.  2.  Reduce  825.09,8  to  mills.  Ans.  25098  mills. 

Explanation.  Suggestion. 

$25  =25000  mills.         This  result   may  be   reached   by 

9  cents  =  9  0  mills,     simply  removing  the  separatrix  and 

8  mills  =  8  mills,     comma. 


Ans.     2  509  8  mills. 

Rules. — 1.    To  reduce  dollars  and  cents  to  cents,  remove  the 
separatrix. 

2.  To  reduce  dollars  and  cents  to  mills,  remove  the  separatrix 
and  annex  one  cipher. 

3.  To  reduce  dollars,  cents,  and  mills  to  mills,  remove  both 
points. 


Questions. — 61.  What  is  reduction  of  Federal  Money  ?  What  is  its  first 
case  ?  How  are  cents  reduced  to  mills  ?  Dollars  to  cents  ?  Dollars  to  mills? 
ILow  do  we  reduce  dollars  and  cents  to  cents  ?  To  mills  ?  Dollars,  cents,  and 
mills  to  mills  ? 
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Examples  for  Practice. 

3.  How  many  cents  in  $675?     How  many  mills  ? 

4.  How  many  mills  in  80.25  ? 

5.  How  many  cents  in  8698.07  ?     How  many  mills? 

6.  How  many  mills  in  8144.00,4  ? 

Case  II. 
To  reduce  to  a  higher  denomination. 

Rules — 1.  Mills  become  cents  hy  dividing  hy  10,  or  cutting  off 
one  right-hand  figure. 

2.  3Iilh  hecome  dollars  hy  dividing  hy  1000,  or  cutting  off 
three  right-hand  figures. 

3.  Cents  hecome  dollars  hy  dividing  hy  100,  or  cutting  off 
two  right-hand  figures. 

Examples  for  Practice. 

1.  How  many  cents  in  195284  mills  ?  43062  mills  ?  475063 
mills  ? 

2.  How  many  dollars  in  62114  mills  ?  108243  mills  ?  261182 
mills  ? 

3.  How  many  dollars  in  118117  cents?  642023  cents? 
161252  cents  ? 

Art.   6S.      ADDITION  OF  UNITED  STATES  MONEY. 

Kule. —  Write  dollars  under  dollars,  cents  under  cents,  and 
mills  under  mills. 

Add  as  in  simple  addition,  and  place  the  separatrix  in  the 
amount  directly  under  that  in  the  numhers  added. 

Examples  for  Practice. 


(1-) 

(2.) 

(3.) 

(4.) 

8  cts.  m. 

8  cts.  m. 

8  cts.  m. 

8  cts.  m 

28.13,5 

7  5.87,5 

450.50 

999.09,9 

19.05 

8.2  5 

84.98,8 

888.08,8 

4.00,3 

•   63.95 

9.09,9 

77  7.07,7 

59.62,5 

27.03 

37.37,6 

666.06,6 

8110.81,3        8175.10,5        8581.96,3        83330.33, 


,  Questions. — 61.  How  do  we  reduce  mills  to  cents?     Mills  to  dollars  ?    Cents 
\o  dollars?— 62.  What  is  the  rule  for  addition  of  United  States  Money? 
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5.  E.  Koss  bouglit  a  stock  of  groceries  for  $347.50;  dry  goods 
TX51  $823.12;  paint  for  $37.87,5;  cutlery  for  $62.65;  crockery 
for  $125.37,5;  and  stationery  for  $15.88.  What  was  the  amount 
of  his  purchases  ?  Ans.  $1412.40. 

6.  R.  Davis  sold  in  six  days  c:oods  to  the  following  amounts  : 
$117.12,5;  $84.05  ;  $159.09,5;  $104.15;  $93.18 ;  and  $114.44,3. 
What  was  the  amount  of  the  week's  sales  ?     Ans.  $672.04,3. 

7.  L.  Carter's  monthly  expenses  for  one  year  were  $63.25 : 
$81.54;  $59.78,5:  $94.06,25;  $61.11;  $49.33,3;  $72.75; 
$67.10,25;  $57.13  ;  $75.27  ;  88.66,6  ;  and  $60.27,9.  How  much 
did  he  spend  that  year?  Ans.  $830.27,8. 

8.  N.  Hale  gave  124  cents  for  paper,  25  cents  for  a  slate, 
$1.12i  for  a  book,  $0.62.1  for  drawing-pencils,  and  372  ^^^^^  ^^r 
ink.     How  much  did  he  give  for  all  ?  Ans.  $2.50. 

Art.  6S.      SUBTRACTION  OF  UNITED  STATES  MONEY. 

Rule. —  Write  the  less  number  under  the  greater,  dollars  under 
dollars,  cents  under  cents,  and  mills  imder  mills. 

jSuhtract  as  in  simple  subtraction,  and  place  the  separatrix  in 
the  remainder  directly  under  that  in  the  numbers  above. 


Minuend 
Subtrahend 

Examples 

$  cts.  m. 
892.42 
9  7.64,5 

$794.77,5 

EOR  Practice. 

(2.) 

$    cts.  m. 
201.81,2 
154.95,5 

(3.) 
$  cts. 
47  5.75 

87.88 

Remainder 

$46.8  5,7 

$3  8  7.87 

4.  Starting  with  $75  in  my  pocket,  I  spent  in  one  store  $9.63, 
in  another  $15.84,5,  in  another  $27.42,  and  in  another  $8.37,5. 
How  much  had  I  left  ?  Ans.  $13.73. 

5.  From  five  cents  take  five  mills.  Ans.  $0.04,5. 

6.  From  one  hundred  dollars  take  one  cent  and  one  mill. 

Ans.  $99.98,9. 

7.  From  ninety-nine  dollars,  take  nine  dollars  nine  cents  and 
nine  mills.  Ans.  $89.90,1. 

8.  S.  Leonard's  eiFects  were  valued  at  $68125,  and  his  debts 
were  $15175.37,5.     What  was  he  worth  ? 

Ans.  $52949.62,5. 

Question. — 63.  What  is  the  rule  for  subtraction  of  United  States  Money? 
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9.  Bought  cloth  for  $8.62,5,  trimmings  for  82.25,  and  gloves 
for  87|  cents.  Ofered  a  double  eagle.  How  much  change 
should  I  receive  ?  Ans.  88.25. 

10.  What  is  the  difference  between  235675  mills,  and  23567 
mills?  Ans.  8212.10,8. 

Art.  64.     MULTIPLICATION  OF-  UNITED  STATES  MONEY. 

Ex.  1.  What  cost  9  hats,  at  83.375  apiece  ?     Ans.  830.375. 

Written  Process.  Mental  Peocess. 

8    3.3  7  5  If  1  hat  costs  $3,375,  or  3375  mills,  9  hats 

9  will  cost  9  times  3375  mills ;  that  is,  30375 

mills.     This  reduced  to  dollars,  by  Art.  61, 

830.375  Case  II.,  becomes  $30,375. 

Rule. — Multiply  as  in  sirnple  numbers.  The  product  is  in 
the  lowest  denomination  of  the  multiplicand.,  and  shoidd  he  re- 
duced to  higher  denominations  as  the  case  requires. 

Note  1. — To  obtain  the  cost  of  several  things,  multiply  the  price  of 
one  thing  by  the  number  of  things. 

Note  2. — Since  100  cents  make  a  dollar,  when  one  factor  is  a  con 
venient  part  of  a  dollar,  we  may  often  lessen  labor,  as  in  Case  I.,  Art 
50. 

Examples  for  Practice. 

2.  What  cost  3  cows,  at  835.375  apiece  ?     Ans.  8106.125. 

3.  What  cost  4  pairs  of  boots,  at  8-1.625  a  pair  ? 

Ans.  818.50. 

4.  What  cost  5  gallons  of  molasses,  at  37 J  cents  a  gallon? 

Ans.  81.875. 

5.  What  cost  6  pounds  of  butter,  at  80.1875  per  pound? 

Ans.  81.125. 

6.  What  cost  7  bushels  of  corn,  at  35  cents  a  bushel  ? 

Ans.  82.45. 

7.  What  cost  8  tons  of  pig-iron,  at  840.50  a  ton  ? 

Ans.  8324. 

8.  What  are  the  united  wages  of  68  men,  at  81.25  per  day? 

Ans.  885. 

9.  A  speculator  bought  1896  barrels  of  flour,  at  84.50  per 

Question. — 64,  What  is  the  rule  for  multiplication  of  United  States  Money  ? 
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•  I 

barrel,  2545  bushels  of  wbeat^  at  87i  cents  per  bushel,  and  1575 

bushels  of  oats,  at  37  2  cents  per  bushel.     He  sold  the  flour  at 

86.25  per  barrel,  the  wheat  at  81.18  per  bushel,  and  the  oats  at 

ol  cents  per  bushel.     How  much  did  he  make  ? 

Ans.  83991.85. 

BILLS. 

Art.  60.  A  Bill  is  a  written  statement  of  things  bought, 
given  by  the  seller  to  the  buyer. 

A  bill  is  receipted  when  the  signature  of  the  seller  is  put  to 
the  statement  that  payment  has  been  received. 

Carry  out  the  cost  of  the  items,  and  verify  the  answer  in  each 
of  the  followino; 


Examples. 

(10 

Baltimore,  January  11,  1859. 

J.  C.  Bradford,  Esq., 

5  Sofas, 
24  Ciiairs, 
12       " 

2  Mirrors, 

ment, 

Bought  of  Ames  &  Fisher, 

@    844.50      8222.50 

5.25        126.00 

"           .875        10.50 

"       35.375        70.75 

Received  pay, 

8429.75 
Ames  &  Fisher. 

(2.)  Cleveland,  Dec.  22,  1858 

Mr.  N.  B.  Marshall, 

Bought  of  A.  M.  Whitmore  &  Co., 

108  gallo7is  Oil,  @  8  1.125 

62       "       Alcohol,  "         .75 

95  •    "       Syrup,  ('         .625 

8  chests     Green  Tea,  "     23.75 

4     "        Black     "  "       8.375  * 

8450.87,5 

Received  payment,  A.  M.  WHiaMORE  &  Co. 

Questions. — 65.  "What  is  a  bill?     Whcji  is  a  bill  receipted? 
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FEDERAL 


(3.). 
Mr.  D.  E.  Clinton, 


mm         r 

OR  UNITED  ^ilES  MONEY. 

Fittshurgh,  llarcJi  9,  1859. 


y 


'^Q  sets  Chisels, 
^35  Hammers,  , 

',■24  Saios, 

18  sets  Knives  and  Forks, 

65  Shovels, 
^  12  sets  Fire-irons, 
y  18  pairs  Scissors, 
21^  pounds  Chain, 

Received  payment. 


Bought  of  Cooper  &  Leslie, 

@     $9.25 
0.625 
1.125 

5.75 
0.625 

•9.875 

0.375 
.07 

^388.80 

Cooper  &  Leslie. 


Art.  6®.      DIVISION  OF  UNITED  STATES  MONEY. 
Ex.  1.  If  45  pounds  of  coffee  nost  $5,625  what  did  1  pound 


cost? 
Written  Process. 
45)5.625(125 
45 


112 

90 


22^5 
225 


Ans.  $0.12,5. 


Mental  Process. 
If  45  pounds  cost  .$5,625,  that  is,  5625 
mills,  1  pound  will  cost  ^  of  5625  mills, 
that  is,  125  mills,  equal  to  $0.12,5. 


Ex.  2.  B.  Lane  paid  $20  for  275  pounds  of  sugar:  liow  much 
was  that  a  pound  ?  Ans.  $0.07,2-|-. 


Written  Process. 
275)20.000(0.072+ 
1925 


750 
55  0 

200 


Mental  Process. 
One  pound  cost  ^4-  of  $20. 
Now,  since  20  does  not  contain 
275,  it  is  plain  that  1  pound  will 
cost  less  than  $1.  IJence,  if  we 
reduce  $20  to  mills,  the  quotient 
will  be  in  mills.  It  is  72  mills 
and  a  remainder,  which  is  indi- 
cated by  +.  This  reduced  to 
dollars  is  $0.07,2+. 


Questions. — 6^  What  is  the  rule  for  division  of  United  States  Money? 
How  do  we  find  the  price  of  one  thing?  How  do  we  find  the  number  of 
thinais  ? 
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Ex.  3.  At  9  cents  a  yard,  how  many  yards  of  cotton  cloth  can 
i  "buy  for  S8.3T5  ?  Ans.  93^5_  yards. 

Written  Process.  ^ 

90)8375(93jj% 

olO  Mental  Process.       * 

^  ^  r  Nine   cents  =  90  mills,   and   $8,375 

^i.^  =  8375  mills.     There  will  be  as  many 

~'T  ^  yards  as  90  mills  are  contained  times  in 

8375  mills;  that  is,  93/o  yards. 

5 

Rule. —  When  the  dividend  represents  monei/,  and  the  divisor 
does  not,  reduce  the  dividend  to  cents  or  mills,  if  it  is  too  small 
to  contain  the  divisor,  and  divide  as  in  simple  numhers.  The 
quotient  is  in  the  lowest  denomination  of  the  dividend,  and  should 
he  reduced  to  higher  denominations  if  the  case  requires  it. 

When  the  divisor  and  dividend  both  represent  money,  thoi/ 
should  both  he  reduced  to  the  lowest  denomination  mentioned  in 
either  of  them j  and  then  treated  as  simple  numhers. 

Note  1. — To  obtain  the  pi'ice  of  one  thing,  divide  the  cos;;  of  the  given 
number  of  things  by  their  number. 

Note  2. — To  find  the  number  of  things,  divide  the  cost  of  all  of  them 
by  the  j)i-ice  of  one.  .j,^_ 

Examples  for  Practice. 

4.  Gave  $60  for  96  pounds  of  black  tea;  how  much  was  that 
per  pound?  Ans.  $0.62,5. 

5.  Grave  $9  for  48  pounds  of  butter;  find  the  price  per  pound. 

Ans.  $0.18,75. 

6.  At  15  cents  per  3^ard  for  calico,  how  many  yards  can  be 
bought  for  85.25  ?  Ans.  35  yards. 

7.  At  -S3. 375  per  yard  for  broadcloth,  how  many  yards  can  be 
bought  for  S151.875  ?  Ahs.  45  yards. 

8.  A  certain  office  brought  its  incumbent  842575  in  one  year : 
how  much  was  that  per  day  ?  Ans.  8116.64,3-f . 

9.  H.  Gibson^s  daily  receipts  in  the  store  for  a  week  .were 
837.75,  842.875;  855.14,  849.95,  834.19,  and  861.88.  What  was 
the  average  per  day  ■?  Ans.  846.96,4i. 

10.  How  many  hands,  at  an  average  of  81.25  wages  per  day^ 
will  consume  8187.50  per  day  ?  Ans.  150  hands. 
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MISCELLANEOUS  EXERCISES  IN  UNITED.  STATES  MONEl 

1.  What    are 

the    sums    of 

the    following 

counting -r( 

columns  ? 

^(1.) 

(2.) 

(3.) 

$  cts 

^$   cts.m. 

$     cts. 

48.65 

321.125 

2425. 

4.05 

18.04 

125. 

321.98 

6.27 

66.25 

27.15 

401.012 

232.37 

8.00 

214.14 

45.92 

15.23       ' 

75.75 

■■•"^ 

2  5.2  5 

72.42 

22.375 

, 

13.39 

145.50 

16.625 

* 

10.21 

83.75 
19.02 

1075.337 

12. 
250. 

308.83 

20.00 

452.13 

108. 

6.67 

984.875 

11.05 

205.91 

4.50 

8.08 

3.03 

2.18 

16. 

39.01 

10. 

97.14 

i^'     55.2  5 

550. 

559.50 

1^      10.10 

63.625 

64. 

V       9.04 

— -^     ; 

^376.14 

18.25 

426.60 

.^i^ssf 

P 

4.80 

13.33 

^^^^JW^' 

33.     . 

49.66 

-'^'^85.65 

265. 

8.83 

2  8.02 

42.16 

70.27 

240.50 

88. 

6.05 

180.17 

175.7.5 

14.21 

14.25 

52. 

6.5  0 

5.75 

1.2  5 

.2  5 

3.03 

10.50 

284.42 

879.35 

486.28 

19.15 

2  8.63 

14.10 

1. 

7.05 

9.8  8 

10. 

.95 

.44 

.88 

564.18 

9  5.25 

9.91 

22.75 

1; 

8.19 

487.63 

8.373 

.50 

25. 

15.42 
5.10 

4.38 

:^n^    ■ 

652.453 

■  *•               •»"-       '* 

$4983.28 

room 
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4.  Bought  17  lemons,  at  2  J  cents  apiece,  9  pounds  of  almonds, 
at  23  cents  a  pound,  and  25  pounds  of  raisins,  at  16  cents  a 
pound.     What  was  the  cost  of  the  whole?  Ans.  66.19,5. 

5.  If  one  pound  of  coffee  costs  12  J  cents,  how  much  will  55 
pounds  cost?  Ans.  $7. 

6.  If  A  earns  S60  a  month,  and  spends  635.75  of  it,  how 
much  will  he  save  in  a  year?  Ans.  $291. 

7.  A  farmer  sold  his  marketing  for  616.875,  and  hought  8 
pounds  of  coffee  at  13  cents  a  pound,  3  pounds  of  tea  at  62  J 
cents  a  pound,  half  a  pound  of  spice  at  75  cents  a  pound,  and 
45  pounds  of  sugar  at  8  cent^  a  pound.  How  much  had  he 
left?  Ans.  69.985. 

8.  B.  Hall  employed  in  harvest  9  hands  10  days  at  61.625 
per  day,  and  it  cost  him  33  cents  a  day  to  "keep"  each  hand. 
His  harvest  sold  for  6983.16  :  how  much  did  he  clear? 

■  Ans.  6807.21. 

9.  At  325  cents  per  cord,  how  many  cords  of  wood  will 
6139.75  buy?  Ans.  43  cords. 

10.  Sold  84  thousand  feet  of  pine  boards  at  $18.50  per  thou- 
sand, and  took  pay  in  wheat  at  75  cents  per  bushel;  how  many 
bushels  of  wheat  did  I  receive?  Ans.  2072  bushels. 

11.  C's  estate,  valued  at  684720,  was  divided  equally  among 
5  children,  after  his  wife  had  taken  one-third;  how  much  did 
each  receive?  Ans.  Wife,  628240.     Each  child,  611296. 

12.  A  railroad  243  miles  long  cost  610404336.60.  What  did 
it  average  per  mile?  Ans.  642816.20. 

13.  S.  March  bought  3  chests  of  black  tea,  each  containing  45 
pounds,  at  35  cents  a  pound,  and  9  chests  of  green  tea,  each  con- 
taining 72  pounds,  at  56  cents  a  pound.  What  was  the  average 
cost  of  his  teas  per  pound?  Ans.  $0.52-f-. 

14.  If  a  man's  average  annual  earnings,  from  21  years  of  age 
to  55,  were  61125.66,  what  average  per  year  would  that  be  for 
his  whole  life,  ending  at  55  years?  Ans.  6695.86,2-]-. 

15.  Wm.  Eaton  sold  63  acres  of  land,  at  $18.75  per  acre;  31 
acres  at  625.62,5  per  acre;  124  acres  at  640  per  acre;  80  acres 
at  $37.50  per  acre;  160  acres  at  622.50  per  acre;  and  120  acres 
at  615  per  acre.     What  price  per  acre  did  he  average  ? 

f^  _  Ans.  626.53,2+. 

Ijogan  business  one  day  with  850.75  in  the 
drawer.  He  first  received  $8.12j,  then  paid  out  $4.25,  then 
received  $15,372,  then  paid  12^  cts.,  then  received  $21.91,  then 
611.42,  then  paid  85.05,  then  $1,  and  closed.  How  much  had 
he  then,  and  what  was  his  gain 


Ans.  Had  697.15,5;  Gain,  $46.40,5. 
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CHAPTER  VIII. 

REDUCTION. 

Art.  6T.  A  Denominate  number  is  a  concrete  numbei 
expressed  in  7neasuring  units. 

Denominate  numhers,  in  reference  to  the  number  of  denomina- 
tions expressed  in  them,  are  swijjle  or  ccimpound. 

A  simjile  denominate  number  is  one  that  is  expressed  in  mea- 
suring units  of  one  kind  or  denomination. 

A  compound  number  is  a  denominate  number  expressed  in 
measuring  units  of  more  than  one  kind  or  denomination. 

Thus  the  expression  2  feet  7  inches,  taken  together,  is  a  com- 
pound number,  because  it  expresses  length  in  more  than  one 
kind  of  measuring  unit. 

Al't.  @8.  Keduction  is  converting  a  concrete  number 
expressed  in  measuring  units  of  one  or  more  kinds,  into  a  num- 
ber expressing  the  same  value  in  other  measuring  units.  It  is 
of  two  kinds, — viz. :  descending  and  ascending. 

Descending  Reduction  is  converting  a  number  into  another 
whose  measuring  units  are  of  less  value  than  its  own;  as  gallons 
to  pints.     It  is  performed  by  multiplication. 

Ascending  Reduction  is  converting  a  number  into  another 
whose  measuring  units  are  of  greater  value  than  its  own;  as 
inches  to  miles.     It  is  performed  by  division. 

ENGLISH   MONEY 

Art.  69.  English  or  Sterling  Money  is  the  legal  currency 
of  England.  Its  measuring  units  or  denominations  are  pounds, 
shilling ;>,  p>ence,  and  farthings. 


QcKSTiONS. — 67.  What  is  a  denominate  number?  ^pw  are  denominate 
numbers  classified?  What  is  a  simple  denominate  number?  Whq^t  is  a  com- 
pound numbor? — 6S.  What  is  Reduction?  Of  what  kinds  is  it?  AVhat  is 
de^;<•cn(ling  Reduction  ?  How  is  it  performed  ?  AVhat  is  ascendins:  Reduction  ? 
How  i<  it  "performed  ?— G9,  What  is  English  Muney  ?     What  arc  its  units  ? 
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Table. 

4  farthings  (qr.  or 
12-  pence 
20  shillings 

•f.) 

make          1  penny,                           (d. 
1  shilling,                          (s.; 
"         1    1  pound  or  sovereign.     {£) 

f. 

d. 

s.                       £                S  cts.  m. 

4     = 

■48     = 

9G0     = 

1 

12 

240 

=      0.02,0J 
=       1                        =     0.24,2 
=    20     =         1     =    4.84 

81 


Note  1. — Other  denominations  sometimes  used.  21  shillings  make 
1  guinea  ;  2  shillings  make  1  florin  ;  5  shillings  make  1  crown. 

Note  2. — Farthings  are  often  expressed  as  quarters  of  a  penny  ;  thus, 
1  far.  =  Jd. ;    2  far.  =  ^d.  ;    3  far.  =  f  d. 

DESCENDING   REDUCTION. 
Art.   70.     To  reduce  a  number  to  a  lower  denomination. 
Ex.  1.  In  MX  how  many  pence?  Ans.  3360  pence 

Written  Process. 
14 

.  2  0  Mental  Process. 


If  1£  is  20  s.,  14£  will  be  14  X  20  =  2808 

280  If  Is.  is  I2d.,  280s.  will  be  280  X  12  =  3360d. 


33G0 


Ex.  2.  In  29a£  7s.  4d.  Sqr.  liow  many  farthino-s? 

^Ans.  28195. 
Written  Process. 

29X78.  4d.3qr. 
20 

Mental  Process. 

587  sMllings.  j^  OQX  7s.  there  are  29  X  20  shillings  + 

12  7  shillings  =  587s.     In  587s.  4d.  there  are 

= —  587  X  12  pence  +  4  pence  =  7048  d.     In 

7048  pence  7048d.  3qr.  there  ate  7048  X  4  farthings  + 

4  3  farthings  =,  2S195qrs. 


281J|Bfartliings.''^        #  ^\^ 

QUESTIONS.— 69.  What    is   the    tabk- "'off  En:  li.L  ]  I-r-ry  ?— 70.  Mow  do  W3 
eductJi  to  a  lower  denomination  ? 
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llULE. — Multi'ply  the  highest  denomination  given,  hy  that 
number  of  the  next  lower  denomination  which  makes  one  of  the 
denomination  midtijjlicd.  If  the  number  to  be  reduced  is  coni^ 
pound,  add  to  this  product  that  part  of  the  num,ber  which  is  of 
the  same  denomination  as  the  product. 

Convert  this  result  in  like  manner  to  the  next  lower  denomina- 
tion, and  so  on  till  the  required  denomination  is  reached. 

ASCENDING   I^^DUCTION. 
Al't.  Tl.     To  reduce  a  number  to  a  higlier  denomination. 
Ex.  1.  Convert  28195  farthings  to  pounds. 

Ans.  29c£  7s.  4d.  3qr. 
"Written  Process.  Mental  Process. 

4)2819  5qrs.  In  28195qrs.  there  are  as  many  pence  a8 

4qrs.,  which  make  1  penny,  are  contained 

12  ^  7048d.  3qrs.       times  in  28195qrs. ;  that  is,  7048d.  and  3qrs. 

*  '       remain.     la  7048d.  there  are  as  many  shil- 

cyn  \  -  Q-j     A  J  lings  as  12d.,  which  make  Is.,  are  contained 

Z  U  ;  0  «  /s.  4cl.  ^jj^^gg  |j^  ;o48d" ;  that  is,  587s.  and  4d.  remain. 

In  587  shillings  there  are  as  many  pounds  a.s 

29£  7s.  20s.,  which  make  1£,  are  contained  times  in 

587s. ;   that  is,  29£  and  7s.  remain.     Since 

the  remainders  are  such  parts  of  28195qrs.  as  are  not  reduced  to 

pounds,  they,  united  with  the  29£,  express  the  whole  value  of  28195 

farthings. 

Rule. — Divide  the  given  denomination  by  that  number  of  it 
ichich  makes  one  of  the  next  higher.  Convert  this  quotient  in 
like  manner  to  the  next  higher  denomination,  and  so  on  till  the 
required  denomination  is  reached.  The  answer  is  composed  of 
the  last  quotient  and  all  the  remainders. 

Note. — Each  remainder  must  be  marked  in  the  answer  as  of  the  samt 
deuomiaation  with  that  dividend  trom  which  it  came. 

Exercises  in  English  Money. 

Reduce  Reduce 

4£  9s.  7d.  3f.  to  qrs.  2.  4303f.  to  pouiids. 


4.  11534f.  to  pounds. 
6.  205200d.  to  pounds. 
15311ii.  to  pounds. 


3.  12^  Os.  3d.  2f.  to  qrs 

5.  855*£  to  pence. 

^§7.  G3i£  15s.  lid.  to  pence. 

r  *X.  75X  13s.  to  qrs.  |     10.  726-*|^.  tS  pounds. 

ji  /  11.  16  guineas  to  ponce,  |     1 2^403 2drfo  guineas.  %^\ 

'   13.  629s.  to  qrs.  [     14.  30192qrs.  to  shillings.) 

Questions  — 7L  How  do  we  reduce  to  a  bigher  denomination?    How  vtfuet 
each  remainder  be  marked  ?  f 
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LONG,  OK  LINEAR  MEASURE. 


Art.  7fi,     Linear  Measure  is  used  in  estimatin* 
pressing  distance. 


and  ex- 


Table. 


12  inches  (in.) 

3  feet 

5;^  yards,  or  16|  feet 

40  rods 

8  furlo 

3  miles 


1  foot,  (ft. 

1  yard,  (yd. 

1  rod,  pole,  or  perch,  (rd. 
1  furlung  (fur. 

1  mile,  (m. 

1  league,  (lea.) 


in. 

ft. 

yd. 

rd. 

fur. 

12 

:;:^ 

1 

36 

r= 

3 

= 

1 

198 

= 

16A 

=r: 

220  = 

1 

7920 



660 



40 

—  1 

63360 

= 

5280 

= 

1760  = 

320 

=    8 

m.      lea. 


190080  =  15840  =  5280  =  960  =  24  =:  3  =  1 


Note  1. — Other  denominations  sometimes  used  are,  12  lines  make  1 
inch  ;  3  inches  make  1  palm  ;  4  inches  make  1  hand  ;  9  inches  make  1 
span  ;  18  inches  make  1  cubit ;  3  feet  make  1  pace ;  6  feet  make  1 
fathom. 

Note  2. — The  standard  unit  of  linear  measure  adopted  by  the  United 
States  Government  is  ihe  yard,  which  is  the  same  length  as  the  imperial 
yard  of  Great  Britain.  The  mile  of  the  United  States  is  the  same  as  that 
of  Great  Britain. 

Note  3. — For  estimating  certain  kinds  of  work,  the  foot  is  divided 
duodecimally  in  succession  ;   thus, 


12  inches  or  primes  (^] 
12  seconds  {'') 
12  thirds  [''') 
12  fourths  ['''') 


make 


1  foot, 
1  inch, 
1  fecond, 
1  third. 


Exercises. 
1.  Reduce  51ea.  2m.  7fur.  34rus.  lift.  9in.  to  inches. 


Questions. — 72.  What  is  linear  measure?  Repeat  tlio  talkie,  'u  ual  otbor 
dennminations  are  sumetime.s  used?  What  is  the  stni.dard  of  i'l;;  l",;iiv  i 
Btatc>- ?     V/lKit  is   'he  mile  of  the  Unite i  States?      Repeat  the  t.ib!.^  (.f  duo- 


decirau 
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^-  Written  Process. 

51ea.  2m.  7fur.  34rds.  lift.  9m. 


17  m. 

8 

143  fur. 
40 


2.  Reduce  1139433  inches  to  leagues. 


2)5754  rds. 
16i 


2877 
34524 
5754 
11 

94952  ft. 
12 


1139433  inclies. 


Written  Process. 
12)1139433 

16J^)94952— 9iii. 

2 "             2 

33)189904 

40)5754  —  2^2  ^ 

=  11  ft. 

8)143  — 

34  rds. 

3)17  — 

7  fur. 

5—  2m 

Ans.  51ea.  2m.  7fur.  34rds.  lift  9in. 


Note.— To  multiply  by  16^,  first 
take  J  of  the  multiplicand  ;  this 
multiplies  by  J ;  then  multiply  by 
16,  and  add  these  products. 


3.  69m.  Ifur.  13rd.  5ft.  Gin. 
to  inches. 

5.  18m.  19rd.  to  feet. 

7.  9ft.  r  8"  11"'  to  thirds. 
^  9.  4(321m.  7fur.  37rd.  12ft. 
9In.  to  inclies. 


Note. — ^To  divide  by  16|,  first 
reduce  both  dividend  and  divisor  to 
halves,  and  then  divide.  As  the 
remainder  22  is  half  feet,  it  is  di- 
vided by  2  to  get  the  true  remain- 
der in  feet. 

4.  4382400in.  to  miles. 

6.  95353Kt.  to  miles. 

8.  16667"'  to  feet. 

10.  292849479in.  to  miles. 


ENGINEERS'  AND  SURVEYORS'  MEASURE. 

A.rt.   T«8.     Engineers'  and  vSurveyors' Measure  is  a  kiTul  of 
linear  measure  used/in  surveying  for  roads,  boundaries  of  land, 

i&C. 


QirKsjioNS.--T2.  How  do  ^vo  multiply  by  16^  ?     How  do  we  divide  L3  16i 
7"^.  WLitl  is  ijiijjineers'  and  Surveyors'  measure  ? 


/ 


REDUCTION. 


85 


7yVo  inches  (in.) 
25  links 

4  poles,  or  66  feet 
10  chains 

8  furlongs  or  80  chains 

in.  1. 

7  92    1 

198  r=      25  = 

792  =    100  = 

7920  =  1000  = 


Table. 

make 


1  link, 

1  pole  or  rod, 


1 

4 
40 


1 

1 
1 

ch. 


1 

10 


chain, 

furlong, 

mile, 

fur. 


(1.) 

(p.) 

(ch.) 

(fur.) 

(m.) 


63360  =  8000  =  320  =  80  ==  8  =  1 

Note. — A  surveyor's  chain  is  called  Gunter's  chain,  and  is  composed  of 
100  links,  the  chain  being  4  rods,  or  66  feet,  long. 

Engineers  sometimes  use  a  chain  100  feet  long,  containing  120  links, 
each  10  inches  long. 


EXER 

Eeduce 

CISES. 

Reduce 

1. 

3. 
5. 

44ch.  3p.  191.  to  links. 
6m.  61ch.  op.  to  poles. 
17ch.  231.  to  links. 

2. 

4. 

6. 

44941.  to  chains. 
2167p.  to  miles. 
17231.  to  chains. 

CLOTH  MEASURE. 

Al't.  74.     Cloth  Measure  is  a  kind  of  linear  measure  used 
in  measuring  dry  goods. 

Table. 

make 


l{  inches  (in.) 

4  nails,  or  9  inches 

4  quarters 


1  nail, 

1  quarter  of  a  yard, 

1  Yard, 


(na.l 

(yd- J 


m.  na. 

9r=      4  =  1 


qr.      yd. 


36 


16  =  4  =  1 


Note. — Other  denominations  sometimes  used  are,  d  qrs.  make  1  Flemish 
ell ;  4  qrs.  1^  in.  make  1  Scotch  ell ;  5  qrs.  mako  1  English  ell ;  6  qrs. 
make  1  French  ell. 


Questions. — 73.  Repeat  the  table.  Describe  the  i?nrveyors'  chair .--74. 
What  is  .loth  measure  ?  Repeat  the  table.  What  other  dcnoailcations  ar^  some 
imes  us'd  ? 


SQ  REDUCTION. 

Exercises 

Reduce 
1.  31yd.  3qr.  2na.  to  nails 


3.  419fyds.  to  quarters. 


Reduce 
2.  510na.  to  yards. 
4,  1679qrs.  to  yards. 


SURFACE  OR  SQUARE  MEASURE. 

Art.  7S.  Square  Measure  is  used  in  estimating  and  ex- 
pressing quantity  of  surface.  It  is  so  called  because  the  unit 
used  in  expressions  of  surface  is  a  square.  A  square  is  a  plane 
surface  contained  by  four  equal  sides,  each  perpendicular  to  its 
adjacent  sides. 

A  square  takes  its  name  from  the  length  of  its  side.  Thus,  a 
square  inch  is  a  square  each  of  whose  sides  is  an  inch  long  ;  a 
sqwire  foot  is  a  square  whose  side  is  a  foot  long,  &c.  A  surface 
inclosed  by  lines  is  called  an  area  ;  and  the  number  expressing 
its  quantity  is  called  its  area. 

Table.     " 

144  square  inches  (sq.  in.)  make     1  square  foot,  (ft.) 

9  square  feet  "         1  square  yard,       (yd.) 

30}  square  yards,  or  | 
272j  square  feet  j  "1  square  rod,  or  pole, 

or  perch,  (P.) 

Also,  for  measuring  the  surface  of  land, 
40  square  rods,  or  poles,  (perches,)  make  1  Rood,  (R. 

4  Roods  (or  10  square  chains)  "      1  Acre,  (A.) 

040  Acres  "      1  square  mile,  (sq.  mi.) 

sq.  mi. 


sq.  in. 

ft. 

yd. 

P. 

R. 

144  = 

1 

1206  = 

9  = 

1 

30204  = 

0701  =:= 

30}  = 

1 

15681G0  = 

10800  = 

1210  = 

40  = 

1 

62r2640  = 

43530  = 

4840  = 

1G0  = 

4 

3097G00  =  102400  =  25G0  =  G40  =  1 

Note  1. — Any  four-sided  surface,  who??  adjacent  sidf*s  are  perpendicu- 
lar to  each  other,  con^tains  as  many  square  xmits  as  is  the  product  of  simi- 
l;irjy  nained  linear  unita  in  its  le;igtli  m'altiplied  into  tliose  in  its  breadth. 


iJr'RS  iTnN3. — 75.  ■'.Vhat  1.=?  eqnire  measure  ?  Why  so  called  ?  What  is  a  square  ? 
Whuib'O  liiiXjfi  p- tiquaro  take  its  naici';  ?  Keyjoat  (he  tab!e.|  IIow  myoy  square 
'  •■'     -  ;■  ♦nur-side'l  surface  of  pcipfudicuUir  sides? 
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Square 
foot. 

Illustration. 

Square  yard.  j^   ^^j^   figure,   if  the   Small   squares 

represent  each  a  square  foot,  the  side  of 

each  is  a  linear  foot;  and  the  continuous 

sides  of  three  of  them  would  make  three 

linear  feet  or  one  linear  yard.     It  would 

-«  also  take  three  rows  to  make  a  linear  yard 

>>  in  breadth  ;  that  is,  a  square  1  yard  long 

"^  and    1   yard    broad,    or    a   square  yard. 

Hence,  the  square  feet  in  a  square  yard 

are  3  times  3  =  9.     In  the  same  way  it 

can  be  shown  that  144  sq.  in.  make  1 

1  yard.  sq.  ft.,  &C. 

Note  2. — A  surface  a  certain  number  of  units  square  is  not  the  same 
number  of  square  units;  thus  a  surface  3  feet  square  contains  9  square 
feet.  But  a  surface  1  unit  square  is  1  square  unit  of  the  same  name. 
Thus  a  surface  1  foot  square  is  1  square  foot. 

Note  3. — Let  the  pupil  illustrate  upon  his  slate,  or  the  blackboard, 
every  other  statement  in  the  table. 

Exercises. 
1.  Reduce  11  A.  2R.  37P.  198ft.  19in.  to  square  inches. 
"W  ftiTTEN  Process. 

1 1  A.  2R.  37P.  198ft.  19in. 
_4_ 

46  roods. 
40 

1877  poles.  * 

2  7  2i    Note. — To  multiply  by  \,  divide  the  multiplicand  by  4. 

■"4691 
3754 
13139      ' 
3754 

198=  feet  given  to  be  added  in. 
•    51121Ufeet. 
144 


36 
2044844 
2044844 
511211 

19 


Note. — To  multiply  144  by  \,  divide  it  by  4. 


inches  given  to  be  added  in. 


3  614439  inches.     Ans. 


Question. — 75.  Repeat  and  explain  Note  2. 


88  •  REDUCTION. 

2.  Reduce  73614439  sq.  in.  to  acres. 

Written  Process. 
144)  73614439 


27 2i  )  511211  feet  -f  55  inches. 
4  4 


1089  )  2044844 


40  )  1877  poles  +  ^fi  =  197|  feet. 

4)46R. -f-  37poles. 

1 1 A  -I-  2  roods. 

Ans.  IIA.  2E.  37P.  197|-ft.  55in. 
Note. — This  ansTfer  is  the  same  value  as  that  form  of  it  in  Ex.  1 , 
and  can  be  changed  to  that  form  by  taking  a  sufficient  number  of  inches 
(36)  from  55in.  to  make  up  the  |-ft.  lacking  to  make  198ft.     This  leaves 
19in.  and  fills  up  197fft.  to  198ft. 

3.  How  many  square  feet  in  a  township  6  miles  sq^iare? 

4.  How  many  square  miles  in  1003622400  square  feet? 

5.  How  many  perches  in  a  tract  of  land  10  miles  square? 

6.  How  many  square  miles  in  10240000  perches? 

7.  How  many  square  feet  in  a  lot  8  rods  long  and  5  rodg 
broad?  Ans.  10890. 

8.  In  buying  a  city  lof  25  feet  front  and  147  feet  deep,  the 
purchaser  agreed  to  cover  it  with  bank-bills  of  the  denomination 
of  §5;  how  much  did  he  pay  for  his  lot,  if  the  bills  were  7  inches 
long  and  3  inches  broad?  Ans.  $126000. 

SOLID   OR   CUBIC   MEASURE. 

Art.  711.  Solid  or  Cubic  Measure  is  used  in  estimating 
and  expressing  th.Q  bulk  or  volume  of  bodies. 

It  is  called  cubic -measure  because  the  unit  used  in  expressions 
of  volume  or  bulk  is  a  cube. 

A  ciihe  is  a  body  having  six  surfaces,  which  are  squares. 

The  length,  breadth,  and  height  of  a  cube  are  equal. 

\  cube  takes  its  name  from  the  length  of  one  of  its  edges 
Tb'V-,  0  cnhk  in^h  is  a  cube  ench  of  whose  edges  is  an  inch 
loin  .  a  ':?.'?.■ '':•  foot  is  a  liiibc  each  of  whose  edges  is  a  foot  long,  &c 


(iiT:  iTiON?.--76.  IVl'at  i?  solid  or  cubic  tnoa.^ure?     Why  so  called?     Wa»lt 
a  cube  .      vf  heuce  docti  a  cube  tak?  its  naini;  ? 
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1728  cubic  inches  (cu.  in. 
27  cubic  feet 


Table. 

(      make  1  cubic  foot,         (cu.  ft.) 
*'      1  cubic  yard,       (cu.  yd.) 

Note  1. — Any  six-sided  body,  whose  adjacent  edges  are  perpendicular 
to  each  other,  contains  as  many  cubic  units  as  is  the  product  of  similarly 
named  hnear  units  in  its  length,  multiplied  into  those  in  its  breadth,  into 
those  in  its  thickness. 

Illustration. 


.^^^ 

p-=^- 

-5^=1^-: 

3  feet. 


In  this  figure,  if  each  small 
block  represents  a  cubic  foot, 
the  edge  of  each  is  a  linear 
foot ;  and  the  continuous  edges 
of  three  of  them  would  make 
:i  linear  yard.  It  would  also 
t;>ke  three  rows  of  blocks,  that 
is,9blocks,to  cover  the  base-sur- 
face. Finally,  it  would  take  3 
such  layers,  of  9  blocks  each,  to 
make  the  whole  1  yard  high. 
Hence  the  cubic  feet  in  a  cubic 
yard  are  3  times  3  times  3  =  27. 
In    the    same   way   it  can   be 

shown  that  1728  cubic'inches  make  1  cubic  foot. 

Note  2". — A  cord  of  wood  is  128  cu.  ft.,  and  is  conveniently  represented 

by  a  pile  8  feet  long,  4  feet  wide,  and  4  feet  high. 

A  cord  foot  is  that  part  of  such  a  pile  which  makes  1  foot  of  its  length  ; 

being  1  foot  X  4  feet  X  4  feet  =16  cu.  ft.     Hence  8  cord  feet  make 

I  cord. 

Note  3. — A  load  or  tun  of  rough  timber  is  such  a  quantity  as  would, 
if  hewed,  yield  40  cu.  ft.  A  load  or  tun  of  square  timber  is  50  cu.  ft. 
A  ton  of  shipping  is  42  cu.  ft. 

Note  4. — A  perch  of  masoniy  is  24|  cu.  ft.,  and  is  conveniently  repre- 
sented by  a  Bwss  1  rod  (16|  feet)  long,  1  foot  high,  and  1^  feet  thick. 
"This  is  regarded  as  25  cu.  ft.  iu  practice. 

Exercises. 

1.  What  is  tlie  volume,  in  cubic  feet,  of  a  room  15  feet  long, 

II  feetwide,  and  9  feet  high?      ^  Ans.  1485  cu.  ft. 

2.  Kow  many  cords  in  a  pile  o^  wood  16  rods  long,  4  fe^r, 
wide,  and  4  feet  high  ?     '  \ 

3.  How  many  cubic  inches  in  a  box  4^  f 0| 
and  2  feethi-h?  .   -"      K 


A,^s,'  H3  cords. 
lo^,  3 -feet  Aviile, 
,.  4r>''50  cu.  in. 


Qc 


-76.  Repeat  the  table. 
i>i"  perpendicular  <v\<y> 
A  ton  of  timber?     \ 


IIo\r  many  cubi«  i 
?  Prove  it..  Wh' 
;reh  of  masonry  ? 


niTs  are  i 
t  is  a  cii 


ro  ^n  auy 
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4.  How  many  cubic  yards  in  438048  cu.  in.? 

Ans.  9  cu.  yd.  10  cu.  ft.  864  cu.  in: 

5.  How  many  cubic  yards  of  earth  were  taken  from  a  cellar' 
24  feet  long,  18  feet  wide,  and  6  feet  deep  ? 

Ans.  96  cubic  yards. 

6.  How  many  cubic  feet  in  7  cords  3  cord  feet  ? 

Ans.  944  cubic  feet. 


TROY  WEIGHT. 

Art.  77 »  Troy  Weight  is  used  in  weighing  coins,  precious 
metals,  jewels,  and  liquors.  It  is  much  used  in  philosophical  ex- 
periments. 

Table. 

make 


24  grains  (gr.) 
20  pennyweights 
12  ounces 

grs. 

24         = 

480        = 
5760         = 


1  pennyweight, 
1  ounce, 
1  pound, 


pwt 

20 
240 


1 

12 


(pwt.] 
(oz.) 

(lb.) 

lb. 


=  1 


Note  1. — The  standard  unit  of  weight  adopted  by  the  United  States 
Mint  is  the  Troy  Pound,  of  5760  grains.  It  is  the  same  as  the  imperial 
Troy  pound  of  Great  Britain.  It  is  equal  to  the  weight  of  22y'^f^oVoV(T 
cubic  inches  of  distilled  water,  at  39yyjy  degrees  of  Fahrenheit's  ther- 
mometer, the  barometer  standing  at  30  inches. 

Note  2. — Precious  stones  are  weighed  by  Diamond  Weight,  as  fol- 
lows : — 


16  parts  make  1  carat  grain, 
4  carat  grains  1  carat, 


=  f  Troy  grain. 

=        3|  Troy  grains. 


Exercises. 

Reduce 

Reduce 

1. 

5. 

o 
IL 

olbs.  14pwts.  17gTs.  to  grs. 
lOlbs.  lOoz.  ,21grs.  to  grs. 
16pwts.  Ogi's.  to  grs. 
75  lbs.  to  pwts. 
362j6z.  to  grs. 
8ibs.  %z.  iOpwts.  llgrs.  to  grs. 

2. 

4. 

6. 

8. 
10. 
12. 

*17633grs.  to  lbs. 
62421grs.  to  lbs. 
393grs.  to  pwts. 
ISOOOpwts.  to  lbs 
173760oTs.  to  oz. 
50651grs.  to  lbs. 

<,^»-r:s'? 


jNjp.—rV.  \Yl,at  Js  Troy  weight?    For  what  is  it  used  ?     What  is  tho 
:  f^-:  Ptanclard  of  weight?     How  are  precious  srtoncs  weighed  ? 
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20  grains  (gr.) 
3  scruples 
^     8  drams 
12  ounces 

make 

1  scruple, 
1  dram, 
1  ounce, 
1  pound. 

0) 

(ft)) 

grs. 

20       = 
,    60       = 
•  480       = 
^60      = 

9 
1 

3 

24 

S88 

5 

=         1 

=        8 
=      96 

5 

=           1 
=         12 

APOTHECARIES'  WEIGHT. 

Art.  78.     Apothecaries'  Weight  is  used  in  compounding 
medical  prescriptions. 

Table. 


K) 


In  this  weight  the  grain,  ounce,  and  pound  are  the  same  as  in  Troy 
weight. 

Exercises. 
Reduce 
1. 

3.  9^  19  to  grs. 
5.  55  15  grs.  to  grs. 
7.  Sib  29  to  9 

AVOIRDUPOIS  WEIGHT. 

Art.  T©.  Avoirdupois  Weight  is  used  in  estimating  the 
weight  of  almost  all  articles  taken  in  large  quantity.  It  is  used 
in  ordinary  commercial  transactions  with  groceries,  drugs,  the 
baser  metals,,  &c. 

Table. 


4ib  7.5  55  29  17grs.  to  grs. 


Eeduce 
26757grs.  to  lbs. 
4340gTs.  to  5 
315grs.  to  3 
23069  to  lbs. 


16  drams  (d 

•.) 

make 

1  ounce, 

(oz.) 

IG  ounces 

" 

1  pou 

nd. 

(lb.) 

25  pounds 

<4 

1  quarter. 

(qr-) 

4  quarters 

(( 

1  hundredweia 

;ht, 

(CAVt.) 

20  hundredweight 

" 

Iton, 

(T.). 

drs. 

oz. 

lb. 

qr. 

cwt. 

T. 

16     = 

1 

256     = 

16 

=^ 

1 

6400    .= 

400 

=: 

25 

= 

1 

25600     = 

1600 



100 

= 

4 

• — 

1 

512000     = 

32000 

= 

2000 

== 

80 

=-■ 

20 

=      1 

Questions. — 78.  What  is  apothecaries'  -vvt'ight?  Repeat  the  table. — 1^. 
What  is  avoirdupois  weight?  Repeat  the  table.  What  is  the  stan  lard  oi 
avoirdupois  weight  in  the  U.S.  ?     Compare  Troy  with  avoirdupois  weight. 
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Note  1. — The  standard  ayoirdupois  pound  of  the  United  States  is  the 
■weight  of  27j'(fQi/jy  cubic  inches  of  distilled  water,  at  ^^j^q  degrees  of 
Fahrenheit's  thermometer,  the  barometer  standing  at  30  inches.  It  is 
the  same  as  the  imperial  avoirdupois  pound  of  Great  Britain. 

Note  2. — The  avoirdupois  pound  is  heavier  than  the  Troy  or  apothe- 
caries' pound ;  but  the  Troy  ounce  is  heavier  than  the  avoirdupois 
ounce,  and  the  dram  of  apothecaries'  weight  is  heavier  than  the  dram 
of  avoirdupois  weight. 

COMPARISON   OF   WEIGHTS. 

lib.  avoir.  =  7000  Troy  grs.  =  lib.  2oz.  llpwt.  16gfs.  Troy. 

lib.  Troy  or  ap.  =  5760     "       "     =        13oz.  2|4f  dr.  av. 

loz.  Troy  or  ap.  =    480     " 

loz.  av.    ■  =    437^  "       " 

Idr.  ap.  =       60     " 

Idr.  av.  =      27^1"       "  • 

Note  3. — In  Great  Britain  it  is  common  to  estimate  the  hundred- 
weight at  1121bs.,  and  the  quarter  at  281bs.  In  this  country  the  quarter 
is  generally  estimated  at  251bs.,  the  cwt.  at  100  lbs.,  and  the  ton  at 
2000  lbs. 

Exercises. 
Reduce  Reduce 

1.  14T.  5cwt.  3qr.  231b.  to  lbs. 
3.  9cwt.  171bs.  to  drs. 
5.  196T.  211bs.  to  oz. 


2.  285981bs.  to  tons. 
4.  234752drs.  to  cwt. 
6.  62723360Z.  to  tons. 


LIQUID  OR  WINE  MEASURE. 

Ai't.  80.  Wine  Measure  is  used  in  measuring  the  bulk  of 
all  kinds  of  liquids. 

In  some  places  beer,  ale,  and  milk  are  not  measured  by  wina 
mea.siure,  but  by  a  measure  of  tbeir  own. 

Table." 


4  gills  (gi.) 
2  pints 
4  quarts 

make 

1  pint, 
1  quart, 
1  gallon. 

(pt. 
(qt. 
(gal.)  =  231  cu.  in 

4-              = 

pt 

1 

qt.                      gal. 

8            = 

2 

=^ 

1 

32            = 

8 

== 

4         =         1 

NcjTB  1. — The  following  vessels  are  seldom  used  as  uiiiljKof  measure. 
Car-lcs  being  generally  made  without  reference  to  accuracy^f  capacity, 
their  contents  are  usually  guiiged  and  sold  by  the  gallon.     A  barrel 

QuESTiONiji^p.  What  ig  a  cwt.  in  Great  Britain  ?  80.  What  is  wine  mea 
suro  ?     Rejigftt  tHe  table.     What  vessels  are  also  described  ? 
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varies  from  28  to  32  gallons,  by  the  laws  of  the  various  States ;  31-J  gals, 
often  make  1  barrel,  (bbl.);  42  gals.,  1  tierce;  63  gals.,  1  hogshead 
(hhd.) ;  84.  gals.,  1  puncheon;  126  gals.,  1  pipe  or  butt;  2  pipes,  1  tun. 
Also,  in  England,  10  gals,  make  1  anker;  18  gals.,  1  runlet. 

Note  2. — The  standard  unit  of  liquid  measure  adopted  by  the  United 
States  Government  is  the  English  Winchester  tcine  gallon,  of  the  capacity 
of  231  cu.  in. 

Note  3. — The  standard  unit  of  liquid  measure  of  Great  Britain  is  the 
imperial  gallon,  of  the  capacity  of  '^71  j^^^  cu.  in.  It  was  adopted  in 
1826. 

Note  4. — Apothecaries'  fluid  measure  is  a  subdivision  of  the  Win- 
chester wine  gallon,  for  compounding  medical  prescriptions,  as  fol- 
lows :— - 

60  minims  (1T[-)  make  1  fluidrachm,  (f^) 

8  fluidrachms                        "  1  fluidounce,  (fS) 

16  fluidounces                         "  I  pint,  (0.) 

8  pints                                  "  1  gallon,  (Cong.) 

0.  signifies  octarius,  or  one-eighth  of  a  gallon;  and  cong.  is  for  con- 
gius,  the  Latin  for  a  gallon. 

Exercises. 
Reduce  Reduce 


1.  27gal.  3qt.  Ipt.  3gi.  to  gills. 
3.  9gal.  Ipt.  to  gills. 


2.  895gi.  to  gallons. 
4.  292gi.  to  gallons. 
6.  29106  cu.  in.  to  hlid. 


8.  4088%  to  cong. 
10.  115200T11  to  qts. 


5.  2hhd.  to  cubic  inches. 
7.  ocong.  7pt.  15f^  to  f^. 
9.  7cits,.lpt.  to  1TL. 

BEER  MEASURE. 

Art.  81.  Beer  Measure  is  sometimes  used  in  measuring 
malt  liquors  and  milk.  It  is  seldom  used  in  the  United 
States. 

Table. 

2  pints  (pt.)  make     »      1  quart,         (qt.) 

4  quarts  "  1  gallon,       (gal.)  =  282  cu.  in. 

Note  1. — In  England  9  gals,  make  1  firkin;  2  firkins,  1  kilderkin; 
2  kilderkins,  1  bbl. 

Note  2. — The  English  imperial  gallon  is  of  the  same  capacity  for  all 
liquids. 

DRY  MEASURE. 

Art.  8S.     Dry  Measure  is  used  in  measuring  the  bulk  of 


Questions. — 80.  What  is  the  U.S.  standard  of  liquid  measure?  What  i-  that 
of  Great  Britain?  What  is  apothecaries'  fluid  measure?  Repeat  tlie  table. 
—81.  What  is  beer  measure?     Repeat  the   table. — 82.  What  is  dry  measure? 
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solid  matters  in  a  more  or  less  separable  form  ;  as  grains,  fruits, 
coal,  lime,  &c. 

Table. 


2  pints  (pt.) 
8  quarts 
4  pecks 

pts. 
2 

16 
64 


make 


1  quart 
1  peck 
1  bushel 


32  = 


(qt.) 
(pk.) 
(bu.) 

pk. 

1 
4 


=  2150yV5  cu.  in. 

bu. 

=  1 


Note  1. — The  standard  unit  of  Dry  Measure,  adopted  by  the  Govern- 
meut  of  the  United  States,  is  the  English  Winchester  bushel,  a  cylindrical 
vessel  Sin.  deep  and  ISJin.  in  diameter.  Its  capacity  is  2150y^2^ 
cu.  in. 

Note  2. — The  standard  unit  of  Dry  Measure  in  Great  Britain  is  the 
imperial  bushel,  having  a  capacity  of  2218y'o%2_  g^  \j^  Hence  the  im- 
perial dry  gallon  is  the  same  as  the  imperial  liquid  gallon,  viz.,  211^^^^ 
cu.  in. 

]S;-OTE  3. — In  England  8  bu.  make  1  quarter ;  and  36  bu.  of  coal  make 
1  chaldron. 

Note  4. — In  Pennsylvania  and  some  other  States  2G88  cu.  in.  of  bitu- 
minous coal  make  1  bushel. 

Exercises. 


Heduce 

Reduce 

1.  25bu.  3pk.  7qt.  Ipt.  to  pints. 
3    7bu.  4qt.  to  pints. 
5    2pk.  Ipt.  to  pints. 
7.  12bu.  to  quarts. 

2.  1663pts.  to  bushels. 
4.  456pts.  to  bushels. 
6.  33pts.  to  pecks. 
8.  384qts.  to  buihels. 

COMPARISON  OF  MEASURES. 

1  U.S.  wine  gallon                                =    231       cubic  inches. 

1     "     beer  gallon                                =    282 

1     "     dry    gallon                         #'     =    268f 

1  Imperial    gallon  (both  dry  &  liq.)  =    277-rVoV    "         " 

1  U.S.  wine  quart                                 =      57^          "         " 

1    "      beer  quart                                  =      70|          "         " 

1    "      dry     quart                                  =      67i 

1  Imperial    quart                                  =      ^^i^^Wu  "         " 

lU.S.            bushel                               z=2150jVo      " 

1  Imperial    bushel                               =-  ^'^^^jV^-q    " 

From  these  numbers  other  denptoinations  can  be  compared. 

Repeat  the  table.     What  is  the  U.S.  standard  unit?     The  English  standaid? 
What  other  En;,'lish  denominations  are  mentioned? 
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ANGULAR  OR  CIRCULAR  MEASURE. 

Art.  8S.  Circular  Measure  is  used  in  measuring  angles  by 
means  of -the  subdivisions  of  the  circumference  of  a  circle. 

A  plane  angle,  called  simply  an  angle,  is  tlie  inclination  of  two 
straight  lines  which  meet. 

The  point  at  which  they  meet  is  the  vertex  of  the  angle. 

A  circle  is  a  plane  figure  bounded  by  a  curved  line,  called  the 
circumference,  which  is  in  every  part  equally  distant  from  a 
point  called  the  centre,  in  the  same  plane. 

Tke  inclination  of  two  straight  lines  to  each  other  is  measured 
by  describing  a  circumference  from  the  vertex  of  the  angle  as  a 
centre,  and  reckoning  the  number  of  equal  parts  of  the  circum- 
ference which  are  included  between  the  lines.  The  divisions  of 
the  circumference  are  given  in  the  following 


Table. 


60  seconds  {'') 
60  minutes 
GO  degrees 

make 
11 

60 

3600 

1296000 

= 

f 
1 

60 
21600 

Illustration. 

D 

1  minute, 

1  degree,  (°) 

1  circumference,        (C.) 


=  360        .=  1 

{a)  The  lines  CE  and  CD,  in- 
cluding a  quarter  of  a  circumfer- 
ence between  them,  have  their  in- 
clination expressed  by  90°,  which 
is  \  of  360° ;  and  this  angle  is 
called  a  inglit  angle.  In  this  case 
the  lines  CE  and  CD  are  said  to 
be  perpendicular  to  each  other. 

(6)  The  lines  CA  and  CB  in- 
clude J  of  a  circumference  between 
them,  and  their  inclination  is  ex- 
pressed by  45°,  which  is  ^  of  360°. 
In  this  case  the  lines  CA  and  CB 
are  said  to  form  an  acute  angle 
with  each  other.  All  angles  less 
than  90°  are  acute. 


QnESTioNS.— 83.  In  what  is  circular  measure  used?  "What  is  an  angle? 
A  circle  ?  Uow  is  an  angle  measured  ?  Repeat  the  table.  Illustrate  a  right 
angle.     An  acute  angle. 
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(c)  The  liaes  CA  and  CF  include  more  than  a  quarter  of  a  circum- 
ference between  them,  and  their  inclination  ACF  is  called  an  obtuse 
angle. 

All  angles  greater  than  90°  and  less  than. 180°  are  obtuse. 

Note  1. — A  degree,  minute,  or  second  is  not  of  the  same  length  in 
circles  of  different  sizes,  but  each  is  still  the  same  part  of  a  circumference 

Note  2. — In  astronomy,  the  circumference  of  the  Zodiac  is  divided 
nto  12  equal  parts,  called  signs,  and  30°  make  1  sign. 

Note  3. — The  earth's  circumference  on  a  meridian  is  about  24855 
miles.  This,  divided  by  360,  gives  OQ^l  miles  for  the  average  length  of 
a  degree  of  latitude ;  ^^^  of  th      "  " 

69^  miles. 

Exercises. 
Reduce 
1.  275°  39'  48"  to  seconds.        2. 
8.     56°  17'         to  seconds.       4. 
5.     98°  27"        to  seconds.        6. 


e  circumference  at  the  equator  is  about 


352827' 
MEASURE   OF   TIME. 


Reduce 
992388"  to  degrees. 
202620"  to  degrees, 
to  degrees. 


Art.  84:.  The  natural  units  of  time  are  days  and  years. 
These  have  been  artificially  divided  and  arranged  as  in  the 
following 

Table. 

^ake 


60  seconds  (sec.) 

60  minutes 

24  hours 
7  days 

12  calendar  months 
365  days  (52  wk.  1  da.)    ' 
360  days  (52  wk.  2  da.) 
365  da.  5hr.  48m.  49TVsec. 
100  years 

sec.  min. 

60  =  1 

8600  =  60  := 

86400  =.  1440  = 

604800  =  10080  = 


1  minute,  (min.) 


1  hour, 
1  day, 
1  week, 
1  year, 


(hr.) 
(da.) 
(wk.) 

(yr.) 

1  common  year,  (c.  yr.) 
1  leap-year. 
1  solar  year. 
1  century. 

da.     wk. 


hr. 

1 

24=  1 

168  =  7  =   1 

^760=  365  =  524  =  1 


c.  yr. 


31536000  =  525600  = 

Note  1. — The  names  of  the  calendar  months  are  January,  February, 
March,  April,  May,  June,  July,  August,  September,  October,  November, 

Questions. — 83.  Illustrate  an  obtuse  angle.  Is  every  degree  of  the  same 
length  ?  HoAv  is  Ibvi  Zodiac  divided  ?  What  is  the  length  of  a  degree  of  lati- 
tude?--84.  What  are  the  natural  units  of  time?  Repeat  the  table.  What 
Hro  the  names  and  order  of  the  calendar  months? 


REDUCTION  '  97 

December.     The  number  of  days  in  each  month  may  be  remembered  by 
the  aid  of  the  following  lines : — 

Thirty  days  have  September, 
April,  Juue,  and  November: 
And  all  the  r«st  have  thirty-one, 
Save  February,  which  alone 
Has  twenty-eight ;  and  we  assign 
To  this,  in  leap-year,  twenty-nine. 

Or, 
The  fourth,  eleventh,  ninth,  and  sixth, 
Have  thirty  days  to  each  affixed : 
All  the  rest  have  thirty-one, 
Except  the  second  month  alone, 
To  which  we  twenty-eight  assign. 
Till  leap-year  gives  it  twenty-nine. 

Note  2. — Every  year,  whose  number  is  not  divisible  by  4  without  a 
remainder,  consists  of  365  days :  every  year  divisible  by  4  but  not  by 
100,  consists  of  366  days :  every  year  divisible  by  100  but  not  by  400, 
consists  of  365  days ;  and  every  year  divisible  by  400,  consists  of  366 
days.     Years  of  366  days  are  called  leap-years  or  bissextile  years. 

The  Julian  calendar,  instituted  by  Julius  Ciiesar  B.C.  44,  merely  made 
a  yeJr  of  366  days  after  three  years  of  365  days  each,  thus  making  the 
average  of  the  years  365|^  days. 

Note  3. — The  true  solar  year  is  5h.  48m.  ^'d^^sQa.,  or  nearly  6  hours, 
longer  than  the  civil  year  of  365  days.  Hence,  one  year  in  four,  another 
day  is  added  to  make  up  the  deficiency.  But,  in  allowing  6  hours  for 
each  year,  an  over-allowance  of  11m.  lO^s^sec.  is  made.  This,  in  100 
years,  is  about  f  of  a  day  too  much.  Hence,  the  hundredth  year  has 
only  365  days.  But  in  this  we  drop  about  6  hours  too  much ;  hence  the 
400th  year  is  366  days.  This  rule  allows  no  larger  error  than  a  day  in 
about  3875  years.  It  was  instituted  by  Pope  Gregory  XIII.,  in  a.d. 
1582,  to  avoid  the  confusion  produced  by  the  imperfect  Julian  calendar. 
At  the  same  time,  the  error  of  about  10  days,  made  by  the  Julian  calen- 
dar, was  corrected  by  reckoning  the  5th  of  October,  in  the  Old  StyUy 
as  the  15th  of  October,  in  the  New  Style.  This,  called  the  Gregorian 
calendar,  was  adopted  in  England  a.d.  1752,  in  Germany  a.d.  1777,  and 
in  France  a.d.  1805. 

Note  4. — The  earth  turns  from  west  to  east  ^L  of  360°*  that  is,  15° 
of  longitude,  every  hour.  This  is  1°  of  longitude  for  4  minutes  of  time, 
and  1'  of  longitude  for  4  seconds  of  time.  Hence,  the  time  of  any  place 
on  the  earth  is  one  hour  earlier  than  that  of  a  place  east  of  it,  for  every 
15°  of  difference  of  longitude ;  and  later  than  that  of  a  place  west  of  it 
by  the  same  rule.  Thus  the  difference  of  longitude  between  New  York 
and  New  Orleans  is  about  15°  O''  44^^,  equal,  in  time,  to  1  hour  3  seconds. 
When,  therefore,  it  is  12  o'clock  at  New  Orleans,  it  is  3  seconds  past  1 
o'clock  at  New  York. 


Questions. — What  are  the  numbers  of  days  in  the  months?     Give  the  rule 
for  the  lengths  of  the  years.      Explain  the  reasons  for  the  rule.      What  is  the 
relatiuu  of  time  to  longitude  ? 
0 


f  J 


98  ■".  REDUCTION  /, 

Table, 

SHOWIXG   THE  NUMBER   OF   BATS   FROM   ANY   DAT   OF   OXE   MOXTH   TO   THE   SA:aE   DAT   0?   A*^ 
OTHER   MONTH   WITHIX  A   YEAR   OF   THE   FORlfEB, 


FROM  ANY 
DAY  OF 

TO  THE  SAJIE  DAT  OF 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July.  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

January, 

365 

31 

59 

90 

120 

151 

181 

212 

243 

273 

304 

334 

February, 

334 

365 

28 

59 

89 

120 

150 

181 

212 

242 

273 

303 

March, 

306 

337 

365 

31 

61 

92 

122 

153 

184 

214 

245 

275 

April, 

275 

306 

334 

365 

30 

61 

91 

122 

153 

183 

214 

244 

May, 

245 

267 

304 

335 

365 

31 

61 

92 

123 

153 

184 

214 

214 

245 

273 

304 

334 

365 

30 

61 

92 

122 

153 

183 

Julv, 

184 

215 

243 

274 

304 

335 

365 

31 

62 

92 

123 

153 

Augwst, 

153 

184 

212 

243 

273 

304 

334 

365 

31 

61 

92 

122 

September, 

122 

153 

181 

212 

242 

273 

303 

334 

365 

30 

61 

91 

1  October, 

92 

123 

151 

182 

212 

243 

273 

304 

3:^5 

365 

31 

61 

November, 

61 

92 

120 

151 

181 

212 

242 

273 

304 

334 

365 

30 

December. 

31 

62 

90 

121 

151 

182 

212 

243 

274 

304 

335 

365 

Example.  How  many  days  from  Dec.  3d  to  Aug.  3d  of 
tKe  next  year? 

Find  December  on  the  left ;  trace  its  line  into  the  column  headed 
Aug.,  ^vhere  you  find  243  days,  the  answer.  If  an  example  includes 
the  end  of  bissextile  February,  its  answer  must  have  one  more  day 
than  that  in  the  table. 

Thi-s  table  is  much  used  in  calculating  interest  and  in  other  business. 


Exercises. 
Reduce 
1.  13wk.  6da.  14h.  45min. 
31sec.  to  seconds. 

3.  349da.  12h.  to  minutes. 
5.  ISh.  25sec.  to  seconds. 


Reduce 
2.  8433931sec.  to  weeks. 
4.  503280min.  to  days. 
6.  64825sec.  to  hours. 


7.  If  January,  1859,  comes  in  on  Saturday,  on  what  day  of 
the  week  will  February  come  in  ?  March  ?  April  ?  June  ? 
July?  August?   September?  October?  November?  December? 

,8.  Leap-year  1860  comes  in  on  Sunday;  on  what  days  of  the 
we^k  do  its  months  come  in  ? 

9.  What  are  the  remaining  leap-years  of  this  century? 

10.  Will  the  year  1900  be" a  leap  year  ?     Yv^hy? 

11.  In  1860  how  many  days  from  Jan.  25th  to  November 
25th? 

12.  In  1862  how  many  days  from  Feb.  1st  to  July  1st? 

13.  How  many  days  from  Oct  13th,  1871,  to  June  13th,  1872? 


Question. — How  do  we  employ  the  ta'ble  for  intervening  days  ? 
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14.  If  Pittsburgli  is  79°  58'  west  of  Greenwicli;  what  time  is 
it  at  Greenwich  when  it  is  noon  at  Pittsburgh  ? 

Ans.  lOmin.  52sec.  past  5  o'clock  p.m. 

15.  Will  the  year  2000  be  a  common  or  leap  year  ?     Why  ? 

MISCELLANEOUS   TABLE. 

12  things  make  1  dozen. 

12  dozen,  or  144  things  "  1  gross. 

12  gross,  or  1728  things  "  1  great  gross. 

20  things  '*  1  score. 

100  lbs.  of  fish  *'  1  quintal. 

196  lbs.  of  flour  '*  1  barrel. 

200  lbs.  of  beef  or  pork  "  1  barrel. 

Of  Paper. 

24  sheets  *'  1  quire. 

20  quires,  or  480  sheets  *'  1  ream. 

2  reams  "  1  bundle. 

5  bundles,  or  10  reams  "  1  bale. 

Of  Books. 

A  folio  (fol.)  is  made  of  sheets  folded  in    2  leaves. 

A  quarto  (4to) 4  " 

An  octavo  (8vo) 8  " 

A  duodecimo  (12mo) 12  " 

An  18mo 18  " 

A24mo 24  " 

A3Gmo 36  *' 

MISCELLANEOUS    EXERCISES   IN  REDUCTION. 

1.  B.  Swain  walked  in  one  day  23mi.  6fur.  24p.  How  many 
paces  did  he  take,  allowing  3  feet  for  each  pace  ? 

Ans.  41932  paces. 

2.  How  many  leagues  in  933139  inches  ? 

Ans.  41ea.  2mi.  5fur.  32rd.  13ft.  Tin. 
8.  W.  Worth's  farm  borders  on  the  public  road  for  Imi.  2fur. 
3ch.  2p.     How  many  rails,  each  11  feet  long^  would  fence  it,  the 
fence  being  5  rails  high  ?  Ans.  3105. 

4.  From  E.  Davis's  house  to  his  store  is  TBch.  391i.  How 
many  miles  per  day  does  he  walk  in  going  this  dist-ance  four 
times  a  day  ?  Ans.  3mi.  73eh.  2rd.  61i. 

5.  How  many  acres  in  the  Great  African  Desert,  if  it  is  8000 
miles  long  and  1000  miles  broad  ?       Ans.  192OU0OO00  acres. 

6.  If  6  lbs.  make   1  square   foot  of  sheet   lead,  how  many 
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pounds  would  it  take  to  cover  tlie  inside  of  a  cistern  9  feet  long, 
7  feet  broad,  and  8  feet  deep  ?  Ans.  19141bs. 

7.  A  room,  whose  walls  measure  380  square  feet,  i^  to  be 
papered  with  pieces  8yds.  long  and  19in.  broad.  How  much 
will  the  paper  cost,  at  25  cents  a  piece  ?  Ans.  $2.50. 

8.  How  many  yards  of  carpeting  one  yard  broad  will  carpet 
a  room  15  feet  long  and  12  feet  wide, — allowing  for  the  hearth, 
which  is  6  feet  long  and  18  inches  wide  ?  Ans.  19  yards. 

9.  Allowing  a  bushel  of  wheat  to  be  produced  on  a  piece  of 
land  2  rods  square,  at  what  rate  is  that  per  acre  ? 

Ans.  40  bushels  per  acre. 

10.  If  bricks  are  8  dollars  a  thousand,  and  a  brick  is  9  inches 
long  by  4in.  broad,  how  much  will  the  bricks  cost  that  will  pave 
a  sidewalk  100  rods  long  by  10  feet  broad?  Ans.  $528. 

11.  Pure  water  weighs  1000  avoirdupois  ounces  per  cubic  foot: 
how  many  tons  of  water  could  be  held  by  a  box  12  feet  long,  10 
feet  wide,  and  8  feet  deep  ?  Ans.  30  tons. 

12.  How  many  U.  S.  wine  gallons  would  the  same  box  con- 
tain? Ans.  718l2<'3\  gallons. 

13.  How  many  perches  of  masonry  in  a  wall  75  feet  long,  50 
feet  high,  and  2  feet  thick  ?  Ans.  300. 

14.  Marble  weighs  about  1701bs.  per  cubic  foot.  What  is 
the  weight  of  a  slab  6  feet  long,  3  feet  broad,  and  4  inches 
thick  ?  '"^  Ans.  1020  lbs. 

15.  At  $16  per  ounce,  what  would  431bs.  of  gold-dust  be 
worth?  Ans.  $8256. 

16.  At  5  cents  an  ounce,  what  cost  181bs.  4oz.  of  mercury  ? 

Ans.  $14.60. 

17.  At  3  cents  per  grain,  what  cost  51bs.  3oz.  of  gold  ? 

Ans.  $907.20. 

18.  How  many  square  yards  of  canvas  in  a  piece  36  yards 
long  and  1yd.  Iqr.  broad  ?  Ans.  45  sq.  yds. 

19.  How  uiany  coats,  each  taking  1yd.  3qr.  2na.  of  broadcloth, 
can  be  cut  from  a  piece  30  yards  long  ?  Ans.   16  coats. 

20.  If  a  lump  of  silver,  weighing  121bs.  3oz.  13pwt.  3gr., 
were  put  in  one  scale,  how  much  weight  avoirdupois  must  be  put 
in  the  otlier  scale  to  balance  it  ?  Ans.  lOlbs.  2oz. 

21.  If  a  person  walked  4  miles  an  hour  for  10  hours  a  day, 
how  long  would  it  take  him  to  walk  around  the  globe,  24856 
miles  ?  Ans.  lyr.  3Gwk.   4da.  4hr. 

22.  A  druggist  bought  51bs:  of  Ipecacuanha.  How  many 
prescriptions  could  he  fill  from  it,' each  calling  for  5^  2^  lOgr.  ? 

An^.  100. 
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23.  How  many  ounces  Troy  in  a  diamond  of  1680  carats  ? 

Ans.  ll/3«,. 

24.  L.  Emerson  imported  from  England  5T.  llcwt.  oqrs. 
201b.  of  cofiee,  English  weight,  at  a  cost  of  $1120,  and  sold  50 
U.  S.  cwt.  of  it  here,  for  ^600,  and  the  rest  at  13cts.  per  lb. 
How  much  did  he  gain  ?  Ans.  8459.68. 

25.  E.  Howell  bought  a  hhd.  of  molasses,  containing  88gals., 
at  45cts.  per  gal.,  and  sold  it  at  15  cents  per  quart.  How  much 
did  he  gain  ?  ^ '         Ans.  813.20. 

26.  A  cubic  foot  of  oil  of  turpentine  weighs  870  ounces  avoir- 
dupois. What  is  the  weight  of  48  barrels  of  it,  each  contain- 
ing 36  gallons,  allowing  601bs.  for  the  w^ght  of  each  barrel  ? 

Ans.  7T.  14cwt.  Iqr.  151bs.  lOoz. 

27.  From  3gal.  Ipt.  alcohol,  how  many  prescriptions  can  be 
filled,  each  calling  for  5f5  ?  Ans.  80. 

28.  What  cost  3bu.  3pk.  5qt.  of  timothy  seed,  at  7  cents  per 
quart?  Ans.  88.75. 

29.  N.  Hale  bought  8000  bushels  of  wheat,  at  75  cents  per 
bu.  and  sold  it  in  England  at  88  per  quarter.  What  was  his 
gain  after  deducting  8500  for  expenses  ?  Ans.  $1500. 

30.  How  many  seconds  of  arc  in  9  signs  25°  21'  44"  ? 

Ans.  106a304. 

31.  How  many  signs  in  897243  seconds  of  arc  ? 

Ans.  8s.  9°  14'  3". 

32.  Sound  moves  about  1120  feet  per  second.  How  long 
would  the  sound  of  a  cannonade  be  in  going  200  miles  ? 

Ans.  15min.  43sec.  nearly. 

33.  How  many  seconds  has  a  man  62  years  old  lived,  if  365da. 
5h.  4Sm.  49sec.  make  a  year  ?  Ans.  1956529598  sec. 

34.  If  you  counted  95  each  minute,  how  many  dollars'  worth 
of  cents  could  you  count  in  a  common  year,  working  10  hours 
each  day,  and  not  counting  on  52  Sabbatiis  ? 

Ans.  178410. 

35.  If  the  heart  of  a  person  68  years  old  has  averaged  72 
beats  per  minute,  how  many  beats  has  it  made,  allowing  365J 
days  to  a  year  ?  "  Ans.  2575100160. 

36.  If  45  drops  make  1  fluidrachm,  how  long  would  it  take  to 
fill  a  63  gallon  hogshead,  at  the  rate  of  1  drop  per  second  ? 

Ans.  33da.  14hr.  24min. 

37.  If  the  wheel  of  a  locomotive  15  feet  6in.  in  circumference 
averages  118  turns  a  minute,  how  long  would  it  take  to  go  32 
miles  ?  Ans.  Ihr.  32min.  nearly. 


102  ADDITION  OF  COMPOUND  NUMBERS. 


CHAPTER  IX. 

ADDITION,  SUBTRACTION,  MULTIPLICATION,  AND  DIVISION 
OF  COMPOUND  NUMBERS. 

ADDITION  .^^  COMPOUND  NUMBERS. 

Art.  86.  Addition  of  Compound  Numbers  is  tlie  pro- 
cess of  uniting  two  or.  more  compound  numbers,  of  the  same 
kind,  into  one  sum. 

Ex.  1.  J.  Ross,  when  in,  London,  paid  12£  10s.  6d.  3qr.  for  a 
suit  of  clothes,  18£  4s.  Od.  Iqr.  at  a  hotel,  9s.  6d.  for  cab  hire, 
and  20£  5s.  J:d.  2qr.  for  a  ticket  to  America.  How  much  did 
be  expend  ?  Ans.  £51  9s.  5d.  2c|r. 

Written  Process.  Mental  Process. 

Since  like  things  only  can  be  added, 
we  write  like  denominations  in  the 
same  column.  The  sum  of  the  qrs.  is 
6.  Dividing  this  by  4,  to  reduce  to 
pence,  gives  1  penny,  and  2  qrs.  re- 
main. Write  2  under  the  qrs.,  and 
reckon  the  1  penny  in  the  column  of 

ftence,  making  its  sum  17d.  Dividing  17d.  by  12,  to  reduce  to  shil- 
ings,  gives  1  shilling,  and  5d.  remain.  Write  5  under  the  pence, 
and  reckon  the  Is.  in  the  column  of  shillings,  making  its  sum  29s. 
Dividing  29s.  by  20,  to  reduce  to  pounds,  gives  £1,  and  9s.  remain. 
Write  9  under  the  shillings,  and  reckon  the  £1  in  the  column  of 
pounds,  making  its  sum  £51.     Write  this  entire. 

Rule. —  Write  the  numbers  so  that  those  of  the  same  denomi- 
nation may  he  in  the  same  column,  units  under  units,  tens  under 
tens,  &c.,  and  draw  a  line  under  them. 

Add  the  numbers  of  the  lowest  denomination,  and  divide  their 
sum  by  that  number  of  their  denomination  which  nfiakes  one  of 
the  next  higher. 

Write  the  remainder .  under  the  column  added,  and  add  the 
quotient  to  the  column  of  the  next  higher  denomination. 

Do  thus  luith  all  the  denominations  to  the  highest,  of  lohich 
ivrite  the  ichole  sum. 

Proof. — To  detect  error,  carefully  review  the  work. 

Questions. — 86.  What  is  addition  of  compound  numbers  ?  How  is  it  per- 
formed ? 


£ 

g 

d. 

qr. 

12 

10 

.6 

8 

18 

4 

0 

1 

9 

6 

20 

5 

4 

2 

Ans.  51       9     5     2 
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LINEAR  MEASURE. 


(2.) 

(3.) 

mi. 

fur. 

rd. 

yd.   ft.' 

in. 

mi. 

fur. 

rd. 

ft. 

in. 

25 

2 

31 

5   2 

0 

31 

0 

39 

12 

11 

4 

5 

28 

0 

11 

9 

7 

38 

10 

0 

17 

7 

0 

4 

11 

19 

0 

37 

10 

8 

10 

3 

39 

4   2 

9 

24 

5 

36 

9 

5 

8 

6 

16 

3   2 

8 

9 

1 

35 

8 

0 

67 

1 

37 

2^  0 

3 
6 

87 

1 

28 

0 
=6 

67 

1 

37 

(4.) 

2   1 

9 

87 

1 

28 
(5.) 

1 

6 

ft. 

/ 

" 

'"  "" 

ft. 

f 

If 

in 

nit 

9 

7 

5 

4  11 

12 

4 

1 

3 

5 

10 

8 

6   9 

9 

6 

8 

7 

3 

2 

0 

5   7 

' 

2 

11 

3 

11 

9   4 

10 

5 

1 

6 

6 

1 

7 

2   3 

11 

11 

11 

11 

11 

19 

10 

9 

4  10 

SURVEYORS' 

MEASURE. 

(6.) 

(7.) 

mi. 

fur. 

ch. 

p.  -li. 

mi. 

fur.  ch 

■  IJ. 

li. 

9 

2 

9  3  19 

12 

2  2 

2 

12 

17 

7 

5  i 

I     23 

13 

3  3 

3 

13 

4 

4 

4  '. 

?   2 

18 

4  2 

1 

15 

15 

7 

8  ( 

)  24 

7  9 

3 

24 

13 

0 

6    : 

L  18 

8 

3 

23 

60 

7 

4  3  11 

CLOTH  MEASURE. 

(8.)  - 

(9.) 

yd. 

qr, 

na, 

in. 

yd. 

qr. 

na. 

in. 

12 

3 

3 

2 

17 

1 

2 

U 

9 

2 

1^ 

24 

3 

2 

2 

14 

3 

2 

n 

37 

3 

3 

u 

37       '^       1       0^ 
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SQUARE  MEASURE. 
(10.)  (11.) 


A. 

R.   P. 

ft.     in. 

A. 

R. 

P. 

yd.    ft. 

in. 

18 

2  35 

258  119 

3 

3 

33 

28   8 

95 

49 

3  27 

295  143 

12 

2 

22 

19   7 

116 

5 

1   8 

217   82 

1 

39 

29   8 

6 

3  39 

49    9 

6 

16   6 

53 

80 

3  32 

4i  65 

17 

0 

23 

4i  3 
i=2i 

120 
=3  6 

80 

3  32 

4  101 

17 

0 

23 

4   6 

12 

CUBIC 

MEASURE 

(12.) 

(13.) 

yd. 

ft. 

in. 

Cords 

1.   ft. 

in. 

349 

26 

1387 

18 

117 

994 

88 

18 

456 

162 

92 

840 

9 

9 

95 

8 

104 

18 

122 

10 

9 

125 

3 

64 

16 

15 

247 

9 

123 

293 

586 

25 

466 

TROY  WEIGHT. 

(14.) 

(15.) 

lb. 

oz.   pwt.    gr. 

lb. 

oz.    pwt 

gr. 

8 

11 

19   16 

42 

,8   17 

22 

27 

3 

7   21 

6 

10   14 

5 

18 

5 

11    8 

63 

6    6 

4 

4 

2 

15   12 

4 

5 

37 

9 

10   23 

8    9 

10 

96 

9 

5    8 

APOTHECARIES' 

WEIGHT. 

(16.) 

(17.) 

K). 

5-  3- 

9-   gr. 

lb. 

E- 

3-     d- 

^o 

2 

9   7 

2   19 

10 

4    1 

8 

6 

2   5 

1   15 

5 

7 

6    2 

11   6 

2    9 

3 

5 

18 

5 

1    5 
13 

11 

2 

16 

10 
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AVOIRDUPOIS  WEIGHT. 


(18.) 


(19.) 


T. 

cwt.     qr. 

lb. 

oz. 

dr. 

T. 

cwt. 

qr. 

lb. 

oz. 

dr. 

42 

15     3 

22 

13 

14 

18 

21 

12 

13 

12 

18 

8 

11 

49 

6 

8 

13 

98 

6 

15 

17 

1 

6 

15 

15 

6 

19 
12     2 

43 
24 

31 

2 

10 

3 

88 
95 

5 

51 

1     1 

6 

13 

8 

LIQUID 

MEASURE. 

(20.) 

(21.) 

Gal. 

qt.       pt. 

gi. 

Gal. 

qt. 

pt. 

gj- 

28 

3       1 

3 

49 

2 

36 

2       1 

2 

1 

3 

18 

3       1 
3      1 

1 

2 

1 

75 
12 

3 
3 
2 

1 
3 

85 

2       1 

APOTHECARIES' 

FLUID 

MEASURE. 

(22.) 

(23.) 

Cong 

.   0.      il. 

f^. 

m- 

Cong. 

0. 

f^- 

f5- 

m- 

6 

50 

5 

14 

7 

45 

14 

5 

3 

8 

4 

30 

6      12 

4 

2 

4 

6 

2        8 

7 

30 

12 

4 
6 

25 

7 

2        4 

7 

20 

DRY  MEASURE. 

(24.) 

(25.) 

bu. 

pk.       qt. 

pt. 

bu. 

pk. 

qt. 

pt. 

8 

3      6 

1 

59 

3 

2 

1 

11 

2       5 

127 

2 

6 

45 

3 

7 
3      4 

1 
1 

9 
25 

1 

3 

2 

1 

7 

1 

1 

67 
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CIRCULAR   MEASURE. 


(26.) 

(27.) 

C    °.    '    " 

c. 

Signs.  °          '           " 

275  55  42 

5   27  16  29 

1  180 

1 

9   15 

90  28  37 

325  59  25 

270  30  30 

1 

180 

45  45  12 

2   22  32  42 

3  142  40   1 

TIME. 

(28.) 

(29.)  • 

c.  yr.    da.   hr.  min. 

sec. 

wk. 

da.  hr.  min.   sec. 

65   91  14  45 

21 

8 

6  22  54  39 

53  128   3  36 

48 

4 

5  11 

22  351  21  13 

59 

7 

4  19  45 

47  173  12 

1  23  59  59 

8  291  23  18 

24 

15  15  15 

197    307      2     54    32 

SUBTRACTION  OF  COMPOUND  NUMBERS. 

Art.  87.  Subtraction  of  Compound  Numbers  is  the  pro- 
cess of  finding  the  diiference  between  two  compound  numbers  of 
the  same  kind. 

Ex.  1.  T.  Dunham  arrived  at  Liverpool  with  £98  10s.  4d.. 
and  spent  there  X51  9s.  5d.  2qr.  How  much  remained  when 
he  left  the  place  ?  Ans.  £47  Os.  lOd.  2qr. 

Written  Process.  Mental  Process. 

£       s.      d.  qr.  Since  a  number  must  be  like  that  from 

98      10     4     0  which  it  is  taken,  write  farthings  under  far- 

5;[        9      5      2  things,  pence  under  pence,   &c.     Since  we 

cannot  take  2qrs.  from  Oqrs.,  we  add  4qrs.  to 

A"?        0   10      9  Oqrs.,  making 4 qTs.,io  render  subtraciioji pos- 

4  /         U   iU     -I  sible.     Then,  2qrs.  from  4qrs.   leave  2qrs : 

write  the  difference  2  under  the  qrs.  Now,  since  we  have  added  the 
value  of  1  penny  to  the  upper  number,  we  must  keep  the  difference 
between  the  compound  numbers  unchanged,  by  adding  1  penny  to  the 
5d.  of  the  lower  number,  making  6d.  Then,  since  6d..  cannot  bo 
taken  from  4d.,  we  add  12d.  to  4d.,  making  16d.,  and  then  take  6d. 

Questions. — 87.  What  is  subtraction  of  compound  numbers  ?   How  is  it  per 
f  jrmed  ? 
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from  16d.,  leaving  lOd,  AYrite  the  difference  10  under  the  pence. 
Since  12d.,  the  value  of  Is.,  was  added  to  the  upper  number,  add  Is. 
to  the  9s.  of  the  lower  number,  making  10s.:  10s.  from  10s.  leave  Os.: 
write  0  under  the  shillings.  Then  £51  from  £98  leave  £47.  The 
above  plan  is  often  called  borrowing  and  carrying. 

Rule. —  Write  the  denominations  of  the  less  number  under 
the  same  denominations  of  the  greater,  and  draiu  a  line  under 
them. 

Then,  beginning  with  the  lowest  denomination,  suhtract  in 
order  each  lower  number  from,  that  above  it,  if  possible,  and 
write  the  difference  beloio. 

When  any  lower  number  is  greater  than  that  above  it,  add  as 
many  units  of  its  kind  to  the  upper  number  as  make  one  of  the 
next  higher  denomination  ;  then  subtract  the  lower  number  and 
add  1  to  the  next  lower  number  before  sid)tracting  it. 

Proof. — To  detect  errors  carefully  review  the  work. 

Examples  for  Practice. 

E>^GLISH  MONEY. 


(2.) 

(3.) 

£ 

s.       d.     qr 

•£ 

s.       d. 

qr. 

321 

17     6     1 

527 

15    4 

2 

283 

18    •S     3 

■- 

359 

16    3 

3 

37 

18     9     2 

LINEAR  MEASURE. 

(4.) 

(5.) 

mi.    fur. 

rd.        ft. 

in. 

mi. 

fur. 

rd.    yd. 

ft.     in. 

79      5 

26       9 

6 

36 

4 

31     3 

2     4 

32     6 

34     12 

8 

19 

5 

35     4 

1     9 

46     6 

31     12^ 
T  . 

10 
=  6 

1  - 

46     6 

O  -1            TO 

o  1      lo 

4 

(6.) 

(7.) 

ft. 

t          It            III 

nil 

ft. 

1 

II         in 

nil 

18 

5    4       7 

11 

15 

8 

0     7. 

5 

3 

8     6       9 

4 

11 

10     9 

8 

14 

8     9     10 

7 

108  SUBTRACTION  OF  COMPOUND  NUMBERS. 

SURVEYORS'  MEASURE. 
(8.)  (9.) 

mi.    fur.  ch.    p.      li.  mi.     fur.    ch.    p.      11. 

14     5     6    2     18  37     4     7     1       4 

9     6     5     3     21  18     7     8     2     14 


4     7     0     2     22 

CLOTH  MEASURE. 

(10.)  (11.) 

yd.     qr.     na.  in.  yd.     qr.     na.  in. 

31     1     2     1  25     2     1 

13     2     1     2  18     3  1 


17  3  0  11 

A. 

520 

80 

R. 

2 

3 

SQUARE  MEASURE. 
(12.) 
P.   ft.     in.     A.    R. 

23  159  ^   91   160  1 
35  265  127    40  2 

(13.) 

P.  yd. 

19  24 

25  27 

ft.    in. 

6  75 

7  101 

439 

2 

27  1651  : 
1— 

4~ 

108 
=  36 

439 

2 

27  166 

yds. 
63 

18 

CI 
(14.) 

ft.    in. 

23  1548 
25  1696 

JBIC  1 

MEASURE. 

Cords. 

182 
95 

(15.) 

ft.     in. 

109  1327 
118  1598 

44 

24  1580 

lb. 

13 

6 

(16.) 

oz.  pwt.  gr. 

9  15  19 

8  18 

TROl 

'   WEIGHT, 
lb. 

17 

8 

(17.) 

oz.   pwt. 

11  19 

23 

7 

0  17  19 

8 

0   0 

1 
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APOTHECARIES'  WEIGHT. 


lb 
1 

(18.) 

5  3     D     gr. 

6  4     2     15 

(19.) 
ifc     ^     5     9    gr. 

1 

11     7     2     19 

T. 
25 

5     3     0       5                                                  1 

AVOIRDUPOIS  WEIGHT. 
(20.)                                          (21.) 

cwt.     qr.     lb.      oz.   dr.                T.      cwt.      lb.       oz. 

11     0     24     8     8            37     16     65     13 
17          24    9                           18     90     15 

dr. 

7 

24 

13     3     24  15     8 

LIQUID 
(22.) 

Gal.    qt.     pt.    gi. 

37     2 

15     2     1     2 

MEASURE. 

(23.) 
Gal.    qt.     pt. 

63 

31     2     1 

21     3     0     2 

APOTHECARIES'  FLUID   MEASURE. 

(24.)  (25.) 

Cong.     0.     il.     f^.     1fr[.  Cong.     0.     f^.     f^.    H]^. 

1  1 

4  8   4  30  7  15  7  59 


3  7   3  30  -1 

DRY  MEASURE. 

(26.)  (27.) 

bu.   pk.  qt.  pt.  bu.   pk.  qt.  pU 

278  1  3  525  2 

125  2  6  1  389  3  4  1 

152  2  4  1 
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CIRCULAR  MEASURE. 


(28.) 

C.     Signs.       °  '  " 

1      6      15 

9       20     29     30 


(29.) 

C.  o  t  n 

1    180 

275     35    45 


8      24    30     30 

TIME. 

(30.) 

(31.) 

c.  yr. 

da.        hr. 

mm. 

sec. 

wk. 

da. 

hr.      min. 

sec. 

3 

150    18 

48 

30 

21 

4 

6 

325     12 

54 

9 

5 

18     28 

57 

2       190       5     54    30 

Art.   88.     To  find  the  time  between  two  dates. 

Ex.  1.  Greorge  Wasliington  was  born  Feb.  22,  1732  : 
was  he  when  he  died,  Dec.  14,  1799  ?  Ans.  67yrs.  9m. 
Written  Process. 


how  old 
22da. 


yr.          m. 

1799     12 
1732       2 

da. 

14 
22 

67       9 
Or, 

yr.          in. 

1799     11 
1732       1 

22 
da. 

14 

22 

.67       9     22 

This  second  metliod 
is  more    consistent  in 
the  following  form. 

yr           m.       da. 

1798     11     14 
1731       1     22 

Mental  Process. 

The  earlier  date  must  be  taken  from  the  later, 
since  it  expresses  a  less  quantity  of  time.  In 
the  first  method  we  reckon  Dec.  14th  as  the  14th 
day  of  the  12th  month  of  the  1799th  year;  and 
Feb.  22d  as  the  22d  day  of  the  2d  month  of  the 
1732d  year. 

In  the  second  method  we  reckon  Dec.  14th  as 
11  months  14  days,  and  Feb.  22d  as  1  month  L2 
days,  considering  all  the  time  as  elapsed. 

^Ihe  difference  of  time  is  correctly  obtained  by 
both  methods,  but  the  second  method,  to  be  con- 
sistent, should  not  suppose  the  whole  current 
year  to  have  elapsed. 

In  subtracting,  call  SOda.  a  month,  and  12m. 
a  year.  ' 


67       9     22 

;p^ULE. —  Write  the  earlier  date  under  the  later,  rechoning  the 
months  in  each  date  either  hy  their  number  in  the  year,  or  hy 
the  nmnber  of  months  preceding  them  in  the  year.      Subtract  as 


Questions. — 88, 
siethod  accurate  ? 


How  do  WG   find   the   time  between   two   dates 
Why? 


Is  this 
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1)1  compound  subtraction,  allowing  80  cla^s  for  a  month,  and  12 
months  for  a  year. 

Note. — This  method  seldom  obtains  tlie  exact  diflFerence,  since  it  allows 
only  360  days  for  a  year. 

Examples  for  Practice. 

2.  From  the  Declaration  of  Independence,  July  4th,  1776, 
how  long  was  it  to  the  declaration  of  war  with  England,  June 
I8th,  1812  ?  Ans.  35yr.  llmo.  14da. 

3.  L.  Kendal  borrowed  money  Aug.  15th,  1855,  and  paid  it 
A.pril  7th,  1859 :  how  long  did  he  keep  it? 

Ans.  3yr.  7m.  22da. 

MULTIPLICATION  OF  COMPOUND  NUMBERS. 

Art.  S9.    Multiplication  of  Compound  Numbers  is  the 
process  of  multiplying  a  compound  number  by  a  simple  number. 
Ex.  1.  "What  cost  7  crates  of  crockery  at  9£  8s.  6d.  3qr.  per 
orate?  Ans.  £65  19s.  lid.  Iqr. 

Written  Process.  Mental  Process. 

£  s.  d.  qr.  Seven  times  3qrs.  =  21qrs.  Dividing  21qrs. 
9  8  6  3  by  4qrs.,  to  reduce  to  pence,  gives  5d.,  and  iqr. 
7  remains.  Write  1  under  the  qrs.,  and  remem- 
ber the  5d.     Then  7  X  Gd.  =  42d. ;  add  the 


65  19  11  1  ^^•'  '^I'^king  47d.  Dividing  by  12d.  gives  3 
shillings,  and  lid.  remain.  Write  11  under 
the  pence,  and  remember  the  3  shillings.  Then,  7  X  8s.  =  56s. ;  add 
the  3s.,  making  59s.  Dividing  by  2()s.  gives  2£,  and  19s.  remain. 
Write  19  under  the  shillings,  and  remember  the  £2.  Then,  7  X  9£ 
=  63£  ;  add  the  2£,  making  £65. 

Rule. — Multiply  first  the  number  in  the  lowest  denomination, 
and  divide  this  product  by  that  number  of  this  denomination 
lohich  m^akes  one  of  the  next  higher.  Wi'ite  the  remainder  and 
add  the  quotient  to  theiiext product.  Do  this  through  all  the  de- 
nominations. 

Proof. — To  detect  error,  carefully  review  the  work  ;  or,  divide 
the  product  by  the  multiplier,  to  reproduce  the  multiplicand.  To 
prove  by  the  last  method,  the  pupil  must  first  learn  to  divide 
compound  numbers. 

Note. — The  following  examples,  from  the  4th  on,  correspond  with  those 
similarly  numbered  in  Division  of  Compound  Numbers. 

QuESTTONS. — 89.  What  is  multiplication  of  compound  numbers  ?  How  is  it 
performed  ?     Uow  is  the  operation  proved  ? 
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Examples  for  Practice. 


(2.) 

(3.) 

mi.  i 

fur.    rd. 

ft.      in. 

mi.   fui 

■.  ch.    p. 

li. 

9 

5    29 

12     6 
6 

3     4 

6     2 

18 
4 

58 

2     18 

9     0 

14     2 

6     2 

22 

(4.) 

(5.) 

■ft. 

1     II 

Iff 

ft.       ' 

tt          ni 

lilt 

32 

7    7    9 

11 

8 

589     6 

4     10 

9 
9 

262 

12     7 

4 

(6.) 

(7.) 

yd. 

qr.    na. 

in. 

A. 

R.      P. 

yd.     ft. 

in. 

15 

3     3 

1 

9 

42 

2     18 

24     7 

36 
5 

143 

2     3 

(8.) 

0 

213 

0     14 

3     0 

(9.) 

36 

cu.  yd. 

cu.  ft. 

cu.  in. 

lb. 

oz.    pwt. 

gr- 

43 

22 

1492 

8 

25 

9     15 

23 
12 

350 

20 

1568 

309 

9     11 

12 

(10.) 

lb 

I    Z 

B       gr. 

2 

7     5 

2     15 

53 

Product  by     S 

- 

7 

11     1 

2       5 

13  2 

2     7 

2     10 

Product  by  5  0 

1. 

140       211     15     Product  by  53. 


U/'^  J'^.-J 
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Written  Process  for  (11). 
16)4685 

292  —  13 

9370 


T.   cwt. 

3     9 

(11.) 

qr.       lb.      oz.         dr. 

2       8     10       5 

937 

3260     2 

gal. 

40 

1     24     14     13 

(12.) 

863/ 

16)9662 


603  —  14 

7496 


35356     0     0     1  25)8099 

323  —  24 


4)2197 

549-1 
8433^ 

2 1 0)898 1 2- 

(13.) 
Cong.  0.     f5     f5 
14-12.^ 

10 : 

10 

><  769 
Product 

by 

10. 

449  —  2 
2811 

3260 

15     7     14     3 

40 
10 

159     7       0440     Product  by  10  X  10  =  100. 

7 


1119     1       4     0     40     Product  by  7  X  100  =  prod. 

by  700 
95     7        6     6        0     =  6  times  the  above ^' prod. by 

10"  =  prod,  by     60 
14     3        1     6     30     =9  times   the  first  quantity 

=  prod,  by         9 

1229*3     12     5     10  =  Product  by  769 
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(14.) 

bu.   pk.  qt.  pt. 

24  3  6  1 

839 

min. 

41 

sec. 

53 
12 

X 

(15.) 

C.    °     ' 

1  338  51 

It 

15 
43 

20935  2  5  1 
(16.) 

c.  yr.  da.    hr. 

5  180  23 

83  170  43 
96  =  8  X  12 

45 

65     346     20     22     36  =  Prod.  b>  12. 


527     219     19       0     48  =  Prod,  by  8  X  12,  or  96. 

17.  If  B.  walks  3mi.  159rd.  lift.  9m.  per  day,  how  far  does 
he  walk  in  1  working  week  ?     In  52  working  weeks  ? 

1st  An#  20mi.  318rd.  4ft.  6in.     2d  Ans.  1091mi.  230rd.  3ft. 

18.  How  much  broadcloth  will  7  coats  take,  each  taking  1yd. 
3qr.  3na.  ?  Ans.   13yd.  2qr.  Ina. 

19.  How  much  land  in  9  lots,  each  containing  3A.  150P.  ? 

Ans.  35A.  70P. 

20.  How  many  cords  of  word  in  10  piles,  each    containing 
112  cu.  ft.  864  cu.  in.  f  Ans.  8C.  101ft. 

21.  If  each  silver  table-spoon  weighs  loz.  15pwt.  18gr.,  what 
is  the  weight  of  a  set  of  6  spoons  ? 

Ans.  lOoz.  14pwt.  12gr. 

22.  How  much  calomel  will  it  take  to  fill  1000  prescriptions, 
each  taking  lOgrs.  ?  Ans.  lib  8^  63  29 . 

23.  How  many  tons  in  2000bbls.  of  flour?         Ans.  196T 

24.  How  many  gallons  in  25  barrels,  each  containing  39gal. 
3qt.  Ipt.  ?  Ans.  996gal.  3qt.  Ipt. 

2'5.  How  many  bushels  in  39  sacks,  each  containing  2bu.  Ipk. 
6qt.  Ipt.  ?  Ans.  95bu.  2pk.  5qt.  Ipt. 

26.  If  the  moon's  average  daily  motion  is  13°  10'  35",  how 
much  of  her  orbit  does  she  go  through  in  14da.  ? 

Ans.  184°  28'  10". 

27.  If  a  person  averages  daily  7hr.  44min.  52sec.  of  sleep, 
how  much  will  he  sleep  in  100  days  ? 

Ans.  4wk.  4da.  6hr.  46min.  40sec. 


MULTIPLICATION  OF  COMPOUND  Nma^ERS.  115 


LONGITUDE  AND  TIME. 


^^] 


Art.  DO.  To  find  the  difference  of  longitude  between  two 
places,  from  the  difference  of  their  time. 

Ex.  1.  If,  when  it  is  3  o'clock  28min.  SOsec.  p.m.  at  Boston, 
it  is  2  o'clock  22min.  45sec.  P.^r.  at  Chicago,  what  is  the  differ- 
ence in  the  longitude  of  the  two  places  ?       Ans.  16°  26'  15". 

Written  Process.  Mental  Process. 

3hr.  2  8min.  SOsec.  Since,  by  Art.   84, 

2       22          45  Note4, 15°  of  longitude 

correspond  to  1  hour 

Ihr.     5min.  45sec.  ==  diff.  of  time.      ^f  time,  15^  of  longi- 

-I  c  tude  to  1  min.  of  time, 

and  15^''  of  longitude  to 

16°  2  6  ^  15"  diff.  of  longitude.  ^m  be  15  times  as 
many  degrees,  minutes,  or  seconds  of  longitude  between  two  places, 
as  there  are  hours,  minutes,  or  seconds  difference  of  their  times. 

Rule. — Multiply  the  difference  of  time  hy  15,  as  in  compound 
mtdtiplication,  calling  the  product  of  seconds  of  timCj  seconds  of 
arc,  of  minutes  of  time,  minutes  of  arc,  and  of  hours  of  timej 
degrees. 

Examples  for  Practice. 

2.  If,  when  it  is  11  o'clock  15min.  Usee.  a.m.  at  Washing- 
ton, D.C.,  it  is  4  o'clock  32min.  38sec.  p.m.  at  Paris,  France, 
what  is  the  difference  of  longitude  of  the  two  places  ? 

Ans.  79°  2P  45". 

3.  A  sea-captain  observed  at  noon  one  day,  that  his  watch,  set 
to  the  time  of  Greenwich,  England,  pointed  to  4  o'clock  lOmin. 
21sec.     What  was  his  longitude  ?  Ans.  62°  35'  15"  W. 

4.  A  man,  traveling  from  Augusta,  Maine,  to  Little  Rock, 
Arkansas,  found  his  watch  pointed  to  29min.  28sec.  past  1  o'clock 
when  it  was  12  o'clock.  How  many  degrees  of  longitude  between 
the  two  places  ?  Ans.  22°  22'. 

5.  A  watch,  whoso  dial  had  24  hour-marks,''^  being  set  to 
Greenwich  time  and  carried  in  Perry's  expedition,  showed  17  hr. 
19min.  when  the  time  at  a  certain  place  in  Japan  was  2  o'c. 
89min.  30  sec.  p.  m.     What  wac  the  lousjitude  of  that  place  ? 

Ans.   140°  7^  30^^  E.  of  Greenwich.    • 

*  The  time  of  day  is  rcckoneil  on  such  dials  from  noon  to  noon. 
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DIVISION  OF  COMPOUND  NUMBERS. 

Art.  91.  Division  of  Compound  Numbers  is  the  process 
either  of  finding  how  many  times  a  compound  number  contains 
a  number  expressed  in  one  or  more  of  its  denominations,  or  of 
finding  a  required  part  of  a  compound  number. 

Ex.  1.  How  many  crates  of  crockery  can  be  bought  for  £65 
19s.  lid.  Iqr.,  each  crate  costing  X9  8s.  6d.  3qr.  ? 

Ans.  7  crates. 

Written  Process.  Mental  Process. 

£  s.        d.     qr. 

65       19     11     1         As    many 
2  0  crates  can  be 

bought  as  the 
price  of  one 
is  contained 
times  in  the 
cost  of  all. 
2262  15839  Since  divi- 

4  4  dend  and  di- 

visor must  be 


£ 

s.     d.     qr. 

9 

8     6    3 

20 

12 


1319 
12 

15839 
4 

)63357(7 
•63357 

9051  )63357r7  ¥'^®\o  ^^^^^ 

Art.  43,)  we 

reduce    both 

to    qrs.,  and 

then  proceed  by  simple  division.     Another  method  will  be  explained 

in  Art.  156,  in  Decimals. 

Ex.  2.  If  7  crates  of  crockery  cost  j£65  19s.  lid.  Iqr.,  what 
did  1  crate  cost  ?  Ans.  X9  8s.  6d.  3qr. 

Written  Process. 

£  s.  d.        qr.  '  MeNTAL   PrOCESS. 

7) 65     19     11     1         One  crate  will  cost  \  of  the  cost  of  7 

crates.     Now  \  of  £65  is  £9,  with  a  re- 

Q  g  6  3  inainder  of  £2.  Write  9  under  the  pounds, 
and  reduce  the  remainder  £2  to  shillings, 
making  40s. :  add  the  given  19s.,  making  59s.  Then  |  of  59s.  is  83., 
with  a  remainder  of  3s.  Write  8  under  the  shillings,  and  reduce  the 
remaining  3s.  to  pence,  making  36d.:  add  the  given  lid.,  making  47d. 
Then,  ^  of  47d.  is  6d,,  with  a  remainder  of  5d.  Write  6  under  the 
pence,  and  reduce  the  remaining  5d.  to  qrs.,  making  20qrs. :  add  the 
given  Iqr.,  making  21qrs.  Then,  \  of  21qrs.  is  3qrs.  Write  3  under 
the  qrs.  Here  the  written  process  seems  to  show  that  divisor  and 
dividend  Bxe^iot  alike,  and  the  quotient  is  a  concrete  number,  contrary 
to  Art.  43.     But  in  writing,  the  true  mental  process  is  not  expressed, 

Question. — 91.  What  is  Division  of  Compound  Numbers  ? 
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thus, "  4  of  £65  is  as  many  pounds  as  7  is  contained  times  in  65 :  but 
7  is  contained  in  65  nine  times  and  2  remains :  therefore  4  of  £65  ia 
£9,  with  a  remainder  of  £2 :"  &c.  &c. 

Ex.  3.  If  17  heirs  share  equally  an  estate  of  £1982  lis.  Id. 
how  much  has  each  ?  Ans.  £116  12s.  5d. 


Written  Process 

£              s. 

d. 

17)1982     11 
17 

1( 

116 

28 
17 

112 

102 

10 
20 

17)211(12 
17 

41 
84 

7 
12 

17)85(5 
85 

Mental  Process. 
Each  has  j\  of  the  estate.     tSince 
the  divisor  is  greater  than  12,  and  is 
not  a  composite  number,  the  process 
is  conducted  by  hug  division. 


E,ULE. — If  the  divisor  is  expressed  in  one  or  more  denomina- 
tions of  the  dividend,  reduce  both  divisor  and  dividend  to  the 
lowest  denomination  in  either  of  them  ;  then  divide  as  in  simple 
numbers. 

If  the  division  is  to  find  a  required  portion  of  the  dividend, 
divide  first  the  number  in  its  highest  denomination.  If  there  is 
a  remainder,  reduce  it  to  the  next  lower  denomination,  and,  add 
to  this  product  that  number  of  the  dividend  lohich  is  of  this  lower 
denomination.  Divide  this  result, proceeding  icith  its  remainder j 
if  any,  as  before.     Do  thus  through  all  the  denominations. 

Question. — 91.    How  do  we  divide  compound  numbers  ? 
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Examples  for  Practice. 


(5.) 

ft.  '         "      '"        "" 

9)5305    9     8     0     9 


(7.) 

A.        R.       P.      yd.    ft.      in. 

5)213     0     14     3     0     36 

42     2     18  24     7     36 

(9.) 

lb.         oz.    pwt.     gr. 

12)309     9     11     12 
25     9     15     23 

(11.). 
T.      CTvt.  qr.    lb.      oz.      dr. 
937)3260     2     1     24     14     13 

(13.) 
Cong.      0.     f5.    fj.    1T[. 
769)1229     3     12     5     10 

(15.) 

C.  O  I  h 

43)83    170    43    45 
1    338     51     15 

(16.) 

c.'yr.  da.  h.  mi.        sec. 

96)527       219       19         0      48 
5       180       23      41       53 

17.  If  B.  walks  1091mi.   230rd.  3ft.  in  52  working  weeks, 
what  is  the  average  per  day?  Ans.  3mi.  159rd.  lift.  9in. 

18.  If  7  coats  take  13yd.  2qr.  Ina.  of  broadcloth,  what  is  the 
average  per  coat  ?  Ans.  1yd.  Sqr.  3na. 

19.  If  9  equal  lots  contain  35A.  70P.,  how  much  land  does 
each  lot  contain?  Ans.  3 A.  150P 


(4.) 

ft.       ' 

8)2621  2 

II      III 
7   4 

327  7 
(6.) 

yd.   qr.  na. 

9)143  2  3 

9  11 

in. 

15  3  3 

(8.) 

cu.  yd.  cu.  ft. 

8)350  20 

1 

cu.  in. 

1568 

43  22 

(10.) 

ft  ^  5  9 
58)140  2  11 

1492 
15  \ 

(12.) 
Gal.    qt. 

863)35356  0 

pt.  gi. 
0  1 

(14.) 

bu.    pk. 

839)20935  2 

qt.  pt. 

5  1 
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20.  If  10  equal  piles  of  w^ood  contain  8  cords  101  feet,  how 
many  feei  does  each  pile  contain  ?     Ans.  112  cu.  ft.  S64  cu.  in. 

21.  A  set  of  6  silver  table-spoons  weighs  lOoz.  14pwt.  12gr. 
how  much  does  each  weigh  ?  Ans.  loz.  15pwt.  18gr. 

22.  How  many  grains  of  calomel  would  each  prescription  con- 
tain, if  1000  equal  ones  amounted  to  lib  85  63  29  ? 

Ans.  lOgrs. 

23.  If  2000bbls.  of  flour  weigh  196  tons,  how  much  is  that  per 
bbl.?  Ans.  1961bs. 

24.  If  25bbls.  contain  996gal.  3qt.  Ipt.,  what  is  the  average? 

x\ns.  39gal.  3qt.  Ipt. 

25.  If  39  sacks  contain  95bu.  2pk.  5qt.  Ipt.,  what  is  the  ave- 
rage ?  Ans.  2bu.  Ipk.  6qt.  Ipt. 

26.  If  in  14  days  the  moon  moves  through  184°  28'  10",  what 
is  her  average  daily  motion  ?  Ans.  13°  10'  35". 

27.  If  a  person  in  100  days  sleeps  4wk.  4da.  6hr.  46mi.  40sec., 
what  does  he  average  per  day  ?  Ans.  7hr.  44min.  52sec. 

LONGITUDE  AND  TIME. 

Art.  9S.  To  find  the  difference  of  time  between  two 
places  from  their  difference  of  longitude. 

Ex.  1.  The  longitude  of  Boston  is  71°  4'  20"  W.  of  Green- 
wich, and  that  of  Chicago  is  87°  30'  30"  :  what  o'clock  is  it  a't 
Chicago  when  it  is  3  o'clock  28min.  30sec.  at  Boston  ? 

Ans.  2  o'clock  22min.  45seG. 

Mental  Process. 
Since  Chicago  is  west 
of  Boston,  its  time  must 
be  earlier  than  that  of 
Boston.  (See  Art.  84, 
Note  4.)  Since  in  1 
hour  of  time  a  place 
tiirns  15°  eastward,  in 
1  minute  of  time  15^ 
eastward,  and  in  1  sec. 
of  time  15^^  eastward, 
there  will  be  j^  as 
many  hours  as  degrees, 
^  as  many  minutes  of  time  as  minutes  of  arc,  and  y^  as  many 
seconds  of  time  as  seconds  of  arc,  in  any  difference  of  longitude. 

Question. — 92.  How  do  we  find  the  difference  of  time  between  two  places, 
from  their  difference  of  longitude? 


87° 
71 

Written  Process. 
3  0'     3  0" 
4      20 

16 

2  6      10  dif.  oflong. 

Ihr. 

3hr. 
1 

5mi.  45sec.  =  dif.  of  time,  nearly. 

28mi.  30sec. 
.^        45 

2o'c 

.  22mi.  45sec. 

120  MISCELLANEOUS  EXERCISES. 

KuLE. — Divide  the  difference  of  longitude  hy  15,  as  in  com- 
pound division^  calling  the  quotient  of  degrees  hours,  of  viimUes 
of  arc  minutes  of  tim^e,  and  of  seconds  of  arc  seconds  of  time. 

Examples  for  Practice. 

2.  The  longitude  of  Paris,  France,  is  2°  20'  22"  E.  of  Green- 
wich, and  that  of  Washington,  D.C.,  is  77°  1'  30"  W.  of  Green- 
wich :  what  o'clock  is  it  at  Paris,  when  it  is  11  o'c.  15mi.  Usee, 
at  Washington  ?  Ans.  4  o'clock  32min.  38sec.  nearly. 

3.  What  time  corresponds  to  62°  35'  15"  of  longitude  ? 

Ans.  4hr.  lOmin.  21sec. 

4.  There  are  about  22°  22'  difference  of  longitude  between 
Augusta,  Me.,  and  Little  Rock,  Ark.  What  o'clock  is  it  in  the 
former  place,  when  it  is  12  o'clock  in  the  latter? 

Ans.  1  o'clock  29min.  28sec. 

MISCELLANEOUS  EXERCISES  IN  COMPOUND  NUMBERS. 

1.  E.  Schott,  of  Penn'a.,  has  a  coal-bin,  lift.  6in.  long,  6ft 
4in.  wide,  and  5  feet  deep :  how  many  bushels  of  coal  will  i< 
hold  ?  Ans.  2U^Q%%  bushels. 

2.  H.  Brady  bought  several  pieces  of  linen,  measuring  as  fol 
lows :  28yd.  3qr.  3na. ;  31yd.  2qr.  Ina. ;  33yd.  Iqr.  2na. ;  27yd. 
3qr. ;  30yd.  Iqr. ;  34yd. ;  32yd. :  what  was  the  average  length 
of  the  pieces  ?  Ans.  31yd.  Oqr.  2na. 

3.  In  an  orchard  4  trees  bore  each  2bu.  3pk.  of  apples;  7  trees 
each  2bu.  2pk. ;  and  9  trees  each  Ibu.  3pk.  6qt. :  what  was  the 
average  yield  per  tree  ?  Ans.  2bu.  Ipk.  Iqt.  Ipt. 

4.  A  company  of  persons  told  their  ages,  as  follows :  31yr. 
7mo.  13da. ;  24yr.  2  mo.  21da. ;  28yr.  6mo.  18da. ;  23yr.  llmo. ; 
30yr.  Imo. ;  35yr.  '9mo.  3da. ;  and  34yr. :  what  was  their  ave- 
rage age  ?  Ans.  29yr.  8mo.  25da. 

"5.  Albany  is  42°  39'  3"  North  latitude,  and  Galveston,  29° 
15' :  what  is  their  difference  of  latitude  ?        Ans.  13°  24'  3". 

6.  Cape  Horn  is  55°  58'  40"  South  latitude,  and  Cape  Cod 
42°  2'  23^'  North  latitude :  what  is  their  difference  of  latitude  ? 

Ans.  98°  r  2". 

7.  Bought  a  hogshead  of  oil  containing  76gal.  3qt.  Ipt.,  for 
$58.25;  and,  having  lost  9gal.  Iqt.  Ipt.  by  leakage,  I  sold  the 
rest  for  $0.88  per  gallon;  how  much  did  I  gain? 

Ans.  $1.15. 
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8.  What  is  tlie  weight  of  $3000  in  coins  as  follows  :  S2000  in 
half-dollars,  of  192grs.  each;  and  $1000  in  quarter-dollars,  of 
proportional  weight  ?  Ans.  _2001bs. 

9.  How  many  dollars,  in  half-dollars,  must  be  melted  down 
to  make  a  tea-set  of  6  cups  and  saucers,  each  piece  weighing  2oz. 
9pwt.  16gr. ;  an  urn,  of  lib.  lOoz.  18pwt.  15gr. ;  a  bowl,  of  3oz. 
15pwt. :  a  pitcher,  of  4oz.  8pwt.  15gr. ;  and  half  a  dozen  spoons, 
each  19pwt.  l^s.  ?  Ans.  $83.50. 

10.  Bought' lOA.  3R.  36P.  of  land,  and  laid  it  off  into  4  cor- 
ner lots,  each  lA.  4P. ;  and  the  rest  was  divided  into  8  equal 
lots  :  how  much  did  each  contain  ? 

Ans.  3R.  17P.  15sq.yd.  Isq.ft.  18sq.in. 

11.  From  a  piece  of  land,  80  rods  square,  I  sold  a  piece  40 
rods  square,  at  $75  per  acre,  and  raised  upon  the  rest  wheat, 
which  I  sold  at  $1  a  bushel,  realizing  $600.  What  was  the 
produce  per  acre,  and  the  total  of  money  received '/ 

Ans.  20bu.  per  A.,  and  $1350. 

12.  If  the  equatorial  circumference  of  the  earth  is  24899 
miles,  how  far  eastward  is  a  person  there  carried  every  second 
by  the  daily  revolution.?  Ans.  92rd.  3ft.  7-fin. 

13.  The  earth's  orbit  being  about  596902654  miles  in  circum- 
ference, what  is  the  earth's  average  annual  motion  per  second, 
allowing  o65da.  5hr.  48min.  50sec.  for  a  year  ? 

Ans.  19  miles,  nearly. 

14.  If  the  average  depth  of  rain  that  falls  in  a  year  upon  a 
county,  36  miles  long  and  30  miles  broad,  is  3  feet,  how  many 
gallons  would  it  be  ?  Ans.  675685522285f  gallons. 

15.  Sighting  along  the  side  of  a  north-and-south  wall  at  noon, 
I  observed  that  the  western  edge  of  the  sun  came  to  it  at  llo'c. 
57min.  .§2sec.,  by  my  clock,  and  the  eastern  edge  at  llo'c.  59 
min.  40sec.  If  the  centre  of  the  sun  should  have  come  to  it 
exactly  at  12m.,  what  was  the  error  of  the  clock  ? 

Ans.  Imin.  24sec.  too  slow. 

16.  If  a  load  in  a  boat  displaces  its  own  weight  of  water,  how 
many  bushels  of  coal,  76  lbs.  each,  would  cause  a  flat  boat.  100 
ft.  long  and  10ft.  broad,  to  sink  6ft.  in  pure  water  ? 

(See  Ex.  11,  p.  100.)  Ans.  4934j\  bushels. 

iV.  What  day  of  the  month  and  year  is  the  third  Monday  of 
May,  in  a  common  year  commencing  on  Friday  ? 

Ans    17th  day  of  May ',  137th  day  of  the  year. 
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CHAPTER  X. 

PROPERTIES  AND  RELATIONS  OF  NUMBERS. 

Art.  93.  Integers,  or  whole  numbers,  are  either  odd  oi 
even. 

An  odd  number  is  a  number  which  cannot  be  divided  by  2 
without  a  remainder ;  as  1,  3,  5,  7,  23,  35,  &c. 

An  even  number  is  a  number  which  can  be  divided  by  2  with- 
out a  remainder ;  as  2,  4,  6,  8,  24,  36,  &c. 

Integers  are  either  ^r«me  numbers,  ox  composite  numbers. 

A  prime  number  is  a  number  which  is  divisible  without  a  re- 
mainder by  no  integer  except  itself  and  1;  as  19,  31,  &c. 

A  composite  number  is  a  number  produced  by  factors  greater 
than  unity,  and  is  divisible  by  its  factors  without  a  remainder. 

Numbers  are  prime  to  each  other  when  1  is  the  only  number 
contained  in  them  all  without  a  remainder.  Thus  4,  9,  and  35 
are  prime  to  each  other,  though  they  are  not  prime  numbers 
separately. 

The  prime  factors  of  a  number  are  those  factors  of  it  which 
are  prime  numbers. 

Note. — It  is  not  customary  either  to  call  a  number  a  factor  of  itself, 
or  to  call  1  a  factor  of  any  number,  since  we  do  not  consider  any  num- 
ber to  "bQ  produced  by  multiplying  itself  by  1. 

TABLE    OF   PRIME    NUMBERS   AS    EAR   AS    1109. 


1 

59 

139 

233 

337 

439 

557 

653 

769 

883 

1013 

2 

61 

149 

239 

347 

443 

563 

659 

773 

887 

1019 

3 

67 

151 

241 

349 

449 

560 

661 

787 

907 

1021 

5 

71 

157 

251 

353 

457 

571 

673 

797 

911 

1031 

7 

73 

163 

257 

359 

401 

577 

677 

809 

919 

1033 

11 

79 

167 

263 

367 

463 

587 

683 

811 

929 

1039 

13 

83 

173 

269  . 

373 

467 

593 

691 

821 

937 

1049 

17 

89 

179 

271 

379 

479 

599 

701 

823 

941 

1051 

19 

97 

181 

277 

383 

487 

601 

709 

827 

947 

1061 

23 

101 

191 

281 

389 

491 

607 

719 

829 

953 

1063 

29 

103 

193 

283 

397 

499 

613 

727 

839 

967 

1069 

31 

107 

197 

293 

401 

503 

617 

733 

853 

971 

1087 

37 

109 

199 

307 

409 

509 

619 

739 

857 

977 

1091 

41 

113 

211 

311 

419 

521 

631 

743 

859 

983 

1093 

43 

127 

223 

313 

421 

523 

641 

751 

863 

991 

1097 

47 

131 

227 

317 

431 

541 

643 

757 

877 

997 

1103 

53 

137 

229 

331 

433 

647 

647 

761 

881 

1009 

1109 

Questions. — 93.  What  is  an  odd  number?  An  even  number?  A  prime 
number?  A.  composite  number?  When  are  numbers  prime  to  each  other? 
What  are  the  prime  factors  of  a  number? 
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Art.  OJL.  To  resolve  a  composite  number  into  its  prime 
factors. 

Ex.  1.  Kesolve  45  into  its  prime  factors.  Ans.  3,  3,  5. 

Writtex  Process.  Mental  Process. 

3)45  Every  composite  number  must  be  com- 

posed  of  prime  factors.     If  we  divide  45 

g  \  2  5  by  the  prime  factor  3,  it  gives  a  composite 

factor  15.     If  we  divide  15  by  its  prime 

factor  3,  it  gives  a  prime  factor  5.     The 
"^  first  division  resolves  45  into  3  X 15  ;  the 

Proof.  8  X  o  X  ^  =4o     second  resolves  3  X  15  into  3X3X5,  all 
of  which  are  prime  numbers. 

Rule. — Divide  the  given  number  hy  any  prime  number,  excrpt 
1,  ivliich  is  contained  in  it  without  a  remainder.  Divide  the 
quotient,  if  it  is  composite,  in  the  same  manner.  Do  thus  till  a 
quotient  is  found  which  is  a  prime  number. 

The  last  quotient  and  all  the  divisors  are  the  prime  factors 
sought. 

Examples  for  Practice. 

2.  Eesolve  210  into  its  prime  factors.  Ans.  2,  3,  5,  7. 

3.  What  are  the  prime  factors  of  1430  ? 

4.  Resolve  1615  into  its  prime  factors.        Ans.  5,  17,  19. 

5.  Resolve  1127  into  its  prime  factors. 

6.  What  are  the  prime  factors  of  2046  ? 

7.  Resolve  128  into  its  prime  factors.    Ans.  2,  2,  2,  2,  2,  2,  2. 

8.  What  are  the  prime  factors  of  900  ?     Ans.  2,  2,  S,  3,  5,  5. 

9.  Resolve  4725  into  its  prime  factors. 

10.  Resolve  5504701  into  its  prime  factors.     Ans.  31,  41,  61, 
71. 

11.  Resolve  7007  into  its  prime  factors. 

12.  Resolve  16169  into  its  prime  factors.  Ans.  19,  *,  '^. 

Art.  Od.  A  common  divisor,  or  common  measure,  of  seve- 
ral numbers,  is  a  number  which  is  contained  as  a  factor  in  each 
of  them.  Thus,  12,  24,  and  36  have  several  common  divisors, 
viz.,  2,  3,  4,  6,  and  12. 

Art.  OO.  To  find  the  common  divisors  of  several  num- 
bers. 

QcESTioxs. — 94.  How  do  we  resolve  a  number  into  its  prime  factors? — 95. 
Wliat  i^  a  common  divisor  of  several  numbers  ? — 96.  How  do  we  find  the  com 
mon  divisors  of  numbers  ? 
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Ex.  1.  What  are  the  common  divisors  of  12,  24,  and  36  ? 

Illustration. 

19 9\/ov^l  Therefore  12  contains  without  a  remainder  2,  or 

1^  —  z  X  ^  X  ^  I  3  oj.  2  X  2,  or  2  X  3,  or  2  X  2  X  3. 

{Therefore  24  contains  2,  or  3,  or  2  X  2,  or 
2  X  3,  or  2  X  2  X  3,  or  2  X  2  X  2,  or  2  X 
2X2X3. 

oc ovox/Qvo  J  Therefore  36  contains  2,  or  3,  or  2  X  2,  or 

^D-^X^X'iX^  |2X3,  or  2X2X3,  or  3X3,  or  2X3X3. 
Inspecting  the  above  sets  of  factors,  we  find  in  all  the  sets  2,  3, 

2  X  2  =  4,  2  X  3  =  6,  and  2  X  2  X  3  =  12.     Hence  2,  3,  4,  6,  and 

12  are  the  common  divisors  of  12,  24,  and  36. 

Rule. —  One  common  divisor  of  several  numbers  may  he  found 
hy  inspection  of  the  numbers,  or  hy  trial. 

To  find  all  the  common  divisors  of  several  numbers,  resolve 
each  number  into  its  prime  factors  ;  then  form  as  m.any  produxits 
as  possible  of  the  prime  factors  of  each  number.  Such  factors 
and  products  as  are  in  all  the  sets  are  the  common  divisors. 

Examples  for  Practice. 

2.  Find  the  common  divisors  of  8,  24,  and  72. 

Ans.  2,  4,  and  8. 

3.  What  are  the  common  divisors  of  18,  48,  and  72  ? 

Ans.  2,  3,  and  6. 

4.  What  are  the  common  divisors  of  24,  96,  and  144  ? 

Ans.  2,  3,  4,  6,  8,  12,  and  24. 

GREATEST  COMMON  DIVISOR.  ^, 

Art.  OT.  The  greatest  common  divisor,  or  measure,  of 
several  numbers,  is  the  greatest  number  which  is  contained  as 
a  factor  in  each  of  them.  Thus,  of  the  several  common  divisors 
of  12,  24,  and  36,  the  greatest  is  12. 

Al't.  08.  To  find  the  greatest  common  divisor  of  two  or 
more  numbers. 

Ex.  1.  What  is  the  greatest  divisor  common  to  105  and  165? 

Ans    15. 


Qfestions. — 97.  What  is  the  greatest  common  measure  of  several  numbers? 
—98.  How  io  ive  find  the  greatest  common  measure  of  two  or  more  numbers? 
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First  Method.  Explana^'ion. 

105  =  3X5X     "i  Resolving  both  nuricibers  into  their 

165  =  3X5X11  prime  factors,  we  see  that  3  X  5  is 

3  \/  5  — -  X  5  Ans.     *^®  greatest  product  common  to  both 

sets  of  factors.    Therefore  15  must  be 

the  greatest  number  that  will  divide  both  105  and  165. 

Second  Method.  Explanation. 

105)165(1  This  method  consists  in  making 

105  successive  trials.      The  greatest 

1  A  c  / 1  common  divisor  cannot  exceed  the 

60)105(1  less  number,  and  we  try  that  first. 

6  0  The  remainder  60  shows  that  105 

A  f;\ Afk/'i  "^^^^  ^^^  measure   165.     We  see 

■^  Vi  ^^^^  ^^^  +  60  =  165.      Now,  as 

'^^  60  is  the  greatest  measure  of  it- 

1  5  "^  4  5  r  3  ^®^^'  ^^  ^^  ^^^^  measures  105,  it  will 

^  .  -  ^  measure  165.    Try  it.  60  will  not 

measure   105,   since  45   remain. 

The  above  expression, 

•  105  +  60  =  165  now  becomes 
45  +  60  +  60^=165 

Now,  since  45  is  the  greatest  measure  of  itself,  if  it  also  measures  60 
it  will  measure  both  105  and  165.  Try  it:  45  will  not  measure  60, 
since  15  remain.     The  above  expressions  then  become 

105  +  60=165 

45  +  60  +  60=165 

45  +  45  +  15  +  60  =  165 

Now,  since  15  is  the  greatest  measure  of  itself,  if  it  also  measures 
45,  it  will  measure  45  +  15,  or  60,  and  of  course  45  +  45  +  15,  or 
105  ;  and  of  course  165  also.  Try  it :  since  15  does  completely  mea- 
sure 45,  it  is  the  greatest  common  divisor  sought. 

Rules. — I.  Resolve  each  number  into  its  prime  factors,  and 
find  the  product  of  those  that  are  common  to  the  several  num- 
bers : —  Or, 

II. — Divide  the  greater  number  by  the  less,  and  that  divisor 
hy  the  remainder,  if  any.  So  continue,  dividing  the  last  divisor 
hy  the  last  remainder,  until  nothing  remains. 

The  last  divisor  will  be  the  greatest  common  divisor  of  those 
two  numbers. 

When  there  are  more  than  two  numbers,  first  find  the  greatest 
common  divisor  of  two  of  them,  then  of  that  common  divisor 
and  one  of  the  other  numbers,  and  so  on  till  every  number  is 
used.  ■  The  last  common  divisor  is  the  greatest  coinmon  divisor 
of  all  the  numbers. 
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Examples  for  Practice. 

2.  What  is  tlie  greatest  measure  common  to  54  and  126*!' 

Ans.  18. 

3.  To40,  64,  and84?  Ans.  4. 

4.  To  36,  63,  and  99?  ^  Ans.  9. 

5.  Wliat  is  the  longest  rule  that  will  apply  a  whole  number 
of  times  to  each  dimension  of  a  house  33  feet  long,  24  feet 
broad,  and  36  feet  high  ?  Ans.  3  feet. 

6.  If  I  were  to  carpet  alike  three  rooms,  the  first  Hi  feet 
broad,  the  second  15  feet,  the  third  18|-  feet,  what  is  the  greatest 
breadth  of  carpet  that  will  cover  the  floor  with  whole  breadths  ? 

Ans.  If  yd.  broad. 
MULTIPLES. 

Art.  09.  A  MULTIPLE  of  a  number  is  that  number  which 
is  divisible  by  it  without  a  remainder.   Thus,  24  is  a  multiple  of  3 

Any  number  has  an  unlimited  number  of  multiples ;  hence 
there  can  be  no  greatest  multiple.  Thus,  3  may  have  multiples 
as  follows:— 6,  9, 12, 15, 18,  21,  24,  &c.,  without  limit. 

The  least  multiple  of  a  number  is  the  least  number  divisi- 
ble by  it  without  a  remainder. 

A  common  m.idtiple  of  two  or  more  numbers  is  a  number 
divisible  by  each  of  them  without  a  remainder.  Thus,  32  is  a 
multiple  common  to  2,  4,  8,  and  16. 

The  least  common  multiple  of  two  or  more  numbers  is  the 
least  number  divisible  by  each  of  them  without  a  remainder. 

Art.  100.  To  find  the  least  common  multiple  of  two  or 
more  numbers. 

Ex.  1.  What  is  the  least  multiple  common  to  10,  15,  and  20? 

Ans.  60. 

First  Method.  Explanation. 

10  =  2x5  Resolving  the  numbers  into  prime 

1 5  __  3  N^  5  factors,  we  see  that  the  answer  must 

2Q__2,y2v5  contain  2X5,  because  it  must  con- 

9  ^  9"'\/  q'^n/  p.  (K(\  A  ma  tain  10.     It  must  also  contain  3  X 

^X^X^XO— OU  Ans.  g^  .^  ^^.^g^  ^^  contain  15.     But  in 

2  X  5,  we  already  have  one  5.     Therefore  we  need  only  take  2X5 
X  3  in  order  to  contain  both  10  and  15.     It  must  also  contain  2  X 

Questions.— 99.  What  is  a  multiple?  How  many  multiples  has  a  number? 
What  is  the  least  multiple  of  a  number?  What  is  a  common  multiple  of  two 
or  more  numbers  ?  What  is  the  least  common  multiple  of  several  numbers  ?— 
TOO,  How  do  we  find  the  least  common  multiple  of  two  or  more  numbers? 
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2  X  5,  in  order  to  contain  20.  But  as  we  already  have  2  X  5  in 
2X5X3,  above,  we  need  only  take  another  2,  making  2X^X3 
X  5,  in  order  to  contain  10,  15,  and  20. 

Second  Method.  Explanation". 

2)10       15       20  Here  we  more  conveniently  get 

rid    of   extra    factors    by   division. 

5)5       15       10  Taking  2  out  of  10  and  20  leaves 

the  factors  5  and  10,  with  15,  from 

-J  q  .>  which  no  factor  was  taken.     Then 

^  '  "^  taking  5  from  5,  15,  and  10,  leaves 

2X5X3X2=  60  Ans.  i,  3,  and  2.  Since  no  prime  factor 
is  common  to  these  remaining  factors,  the  operation  of  rejecting  fac- 
tors is  ended.  Then  the  retained  factors  2,  5,  3,  and  2,  give  60  the 
least  multiple  of  all  the  numbers.  Since  the  divisors  are  the  re- 
tained factors,  it  is  plain  that  dividing  only  one  of  the  numbers  does 
not  reject  a  factor. 

Rule. —  Write  the  number's  in  a  line,  and  divide  hy  any  priine 
number  that  is  contained  exactly  in  two  or  more  of  them.  Write 
the  quotients  and  undivided  numbers  in  a  line  below.  Divide 
these  in  the  same  manner.  Continue  thus  till  no  number  greater 
than  1  is  exactly  contained  in  any  two  of  the  numbers.  Then 
midtiply  all  the  divisors  and  remaining  numbers  together ;  the 
product  is  the  least  common  multiple. 

Note  1, — Another  correct  way  is  to  divide  by  any  number,  whetbei 
prime  or  not,  which  is  contained  in  as  many  of  the  numbers  as  any  other. 

Note  2. — When  any  one  of  the  numbers  is  exactly  contained  in  one 
of  the  others,  it  may  be  left  out  of  the  operation. 

Examples  for  Practice. 
2.  What  is  the  least  multiple  common  to  3,  4,  6^  and  8  ? 

Ans.  24. 
Written  Process. 

2)?{^68 

Since  3  is  contained  in  6,  and  4  in  8,  3 


o  ^  and  4  may  be  neglected,  because  the  least 

'?  V  '-^  N/  4. -^4  A         multiple  of  6  and  8  must  contain  them. 

3.  What  is  the  least  common  multiple  of  10,  15,  20,  and  25? 

Ans.  300. 

4.  Of  18,  27,  36,  and  45?  Ans.  540. 

5.  Of  6,  8,  9,  12,  15,  16,  18,  and  20?  Ans.  720. 

6.  Wishing  to  buy  some  live-stock,  and  having  my  choice  of 
horses  at  ^80,  oxen  at  850,  cows  at  $40,  and  hogs  at  $5  each, 
what  is  the  least  money  I  should  take  to  purchase  all  of  one 
kind?  Ans.  $400. 
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CHAPTER  XL 

COMMON,  OR  VULGAR  FRACTIONS. 

Art.  101.  A  FRACTION  is  a  number  expressing  one  or 
more  parts  of  a  unit. 

Fractions  are  of  two  kinds, — viz. :  Common  Fractions,  often 
called  Vulgar  Fractions ;  and  Decimal  Fractions. 

A  common  fraction  is  wi'itten  by  placing  one  number  above 
another,  with  a  line  between  them;  thus,  |  is  read  four-ninths ; 
I  three-fifths,  &c. 

The  number  below  the  line  is  called  the  denominator,  because 
it  denotes  the  number  of  equal  parts  into  which  the  unit,  or 
thing  in  question,  is  divided.  Thus,  |  of  an  acre  implies  that 
an  acre  is  considered  as  divided  ih^o  7  equal  parts. 

The  number  above  the  line  is  called  the  riumerator,  because 
it  states  the  number  of  equal  parts  expressed-  by  the  fraction. 
Thus,  in  the  expression  |  of  an  acre,  5  denotes  that  5  equal 
parts  out  of  7  are  referred  to  in  the  fraction. 

The  numerator  and  denominator  are  called  the  terms  of  the 
fraction. 

Art.  10^.  From  Art.  44  it  appears  that  the  form  of  a  frac- 
tion is  also  used  to  signify  the  division  of  the  upper  term  by 
the  lower.  Thus,  |  may  either  mean  that  a  unit  is  divided  into 
4  equal  parts,  and  that  8  of  such  parts  are  expressed,  or,  that  the 
whole  number  8  is  divided  by  the  whole  number  4. 

The  value  of  eight-fourths  of  one  is  the  same  as  that  of  one- 
fourth  of  eight. 

The  value  of  a  fraction  is  the  quotient  obtained  by  dividing 
the  numerator  by  the  denominator.  Thus,  8  fourths  of  1  equal 
2;  and  1  fourth  of  8  equals  2. 

Hence  the  value  of  a  fraction  does  not  depend  upon  the  simple 
value  of  the  terms,  but  upon  the  number  of  times  that  the  lower 

Questions. — 101.  What  is  a  fraction  ?  What  are  the  two  kinds  of  fractions? 
What  is  a  common  fraction  ?  What  is  the  denominator?  Why?  What  is  the 
numerator?  Why?  What  are  the  terms, of  a  fraction?  What  two  ways  of 
reading  a  fraction  are  there  ?  What  is  the  value  of  a  fraction  ?  On  what  does 
the  value  of  a  fraction  depend  ? 
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term  is  contained  in  the  upper.  Thus,  f,  |,  j,  |,  K^,  'g-,  &e., 
have  the  same  value,  though  the  Jerms  have  difi'erent  values. 

Art.  103.    8ince^=p<l=l><l=n<A    &c.,  it 
11X2       1X3        1  X4'       ' 
follows  that  multiplying  hoth  terms  hy  the  same  number  does  not 
affect  the  value  of  the  fraction. 

that  dividing  hoth  terms  hy  the  same  numhers  does  not  affect  tht 
value  of  the  fraction. 

If  we  divide  the  12,  in  ^g-,  by  2,  we  obtain  |  ~  1,  which  i.- 
half  the  value  of  ^^ .  Therefore  dividing  the  numerator  hy  a 
numher  divides  the  value  of  the  fraction  hy  that  numher. 

If  we  divide  the  6,  in  ig-,  by  2,  we  obtain  ^3-  =  4,  which  is 
twice  the  value  of  ^f.  Therefore  dividing  the  denominator,  hy 
a  numher  multiplies  the  value  of  the  fraction  hy  that  numher. 

If  we  multiply  the  12,  in  ^f,  by  2,  we  obtain  '^^  =  4,  which 
is  ticice  the  value  of  ^^.  Therefore  multiplying  the  numerator 
hy  a  numher  midtiplies  the  value  of  the  fraction  hy  that  numher. 

If  we  multiply  the  6,  in  'g^,  by  2,  we  obtain  i|  =  1,  which 
is  halfihQ  value  of  ^^.  Therefore  multiplying  the  denominatoi 
hy  a  numher  divides  the  value  of  the  fraction  by  that  number. 

Art.  104.  In  reference  to  their  terms,  common  fractions 
are  of  four  kinds,^ — viz.,  proper,  impropter,  simple,  and  comjdex. 

A  proper  fraction  is  one  whose  numerator  is  less  than  its  de- 
Qominator;  for  example,  1,  |,  f,  |o,  &c.  It  is  called  proper 
because  it-s  value  is  less  than  unity,  and  therefore  its  proper  form 
IS  a  fraction  instead  of  a  whole  number. 

An  improper  fraction  is  one  whose  numerator  equals  or  exceeds 
its  denominator-  for  example,  |.  |,  y,  &c.  It  is  called  improper 
because  the  proper  expression  for  its  value  would  be  a  whole 
or  mixed  number.     Thus,  ^{-  is  properly  written  4. 

A  simple  fraction  is  one  whose  terms  are  whole  numbers ;  for 
example,  |,  1|,  |,  &c. 

A  complex  fraction  is  one  which  has  a  fraction  in  one  or  both 
of  its  terms  -,  for  example,  _1_,      zl.^      -^   &c 

Questions.— 103.  Prove  the  first  proposition.    The  second.    The  third.    The 
fourth.     The  fifth.     The  sixth. — 104.  How  are  common   fractions  classified  ? 
hat  is  a  proper  fraction  ?     What  is  an  improper  fraction  ?     Vv^hy "?     What  is  a 
iipie  frac4:ion  ?     What  is  a  complex  fraction  ? 
T 
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Art.  103.  In  reference  to  their  combinations^  fractions 
form  either  compound  fractions,  or  mixed  numbers. 

A  compound  fraction  is  a  fraction  of  a  fraction.  Its  members 
may  be  connected  either  by  the  wOtd  of,  or  by  the  sign  of  multi- 
plication ;  for  example,  |  of  y^^?  or  |  X  xk* 

A  mixed  number  is  a  number  composed  of  an  integer  and  a 
fraction ;  for  example,  34,  10^,  b^j,  &c. 

REDUCTION   OF   FRACTIONS. 

Art.  106.  Reduction  of  fractions  is  converting  fractions 
into  others  expressing  the  same  value  in  other  terms. 

Case  I. 
Art.  107.     To  reduce  a  fraction  to  greatei  terms. 
Ex.  1.  Reduce  ^  to  54ths.  Ans.  J|.  ' 

Written  Process.  Menspal  Process. 

9)54  Whatever  multiplier  converts  9  into  54  must 

also  multiply  the  numerator  7,  that  the  value 

a  w  7 4  2   of  f  may  not  be  changed.     Such  multiplier  is 

^  34  foun(j  by  dividing  54  by  9. 

Rule. — Divide  the  proposed  by  the  given  denominator,  and 
multiply  hoik  terms  of  the  fraction  hy  the  quotient. 

Examples  for  Practice. 

2.  Reduce  /_  to  65ths.  Ans.  ||. 

3.  Reduce  \\  to  90ths.  Ans.  |§. 

4.  Reduce  -^^  to  136ths.  Ans.  -^f^. 

5.  Reduce  |  to  72ds.  Ans.  ^§. 

6.  Reduce  |  to  81sts.  Ans.  |f. 

7.  Reduce  |  to  63ds.  Ans.  §| 

Case  II. 

Art.  108.  To  reduce  a  fraction  to  lower,  that  is,  smaller, 
terms. 

Ex.  1.  Reduce  |§ths  to  6ths.  Ans.  |. 

Questions.— 10 :j.  How  are  combined  fractions  classified?  What  is  a  coou- 
pound  fraction  ?  What  is  a  mixed  number  ? — 106.  What  is  reduction  of  frac- 
tion? ?     How  do  \ve  reduce  to  greater  terms  ? 
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Written  Process.  "  Mental  Process. 

6)48  Whatever  divisor  converts  48  into  6  must 

—  also  divide  the  numerator  32,  that  the  value  of 

Q"\  3  2  4      If  niav  not  be  changed.    Such  divisor  is  found 

^48         6     by  dividing  48  by  6. 

E.ULE. — Divide  the  given  hy  the  proposed  denominator j  and 
both  terms  of  the  fraction  hy  this  qiLotient. 

Examples  for  Practice. 

2.  Reduce  fgths  to  13ths.  Ans.   ^^. 

3.  Reduce  f^ths  to  15ths.  Ans.   J- J. 

4.  Reduce  ^f^\h^  to  17ths.  Ans.  /^. 

5.  Reduce  fjds  to  6ths.  Ans.  |. 

6.  Reduce  ffsts  to  9tlis.  Ans.  |. 

7.  Reduce  ||ds  to  Tths.  Ans.  |. 

Case  III. 

Art.  109.  To  reduce  a  fraction  to  its  lowest,  that  is, 
smallest,  terms. 

Ex.  1.  Reduce  4i  to  its  lowest  terms.  Ans.  4. 

First  Process.  Second  Process.  Third  Process. 

18_g  X  g  X  3_3     2^L^=_^      S^^— 5    fi^lS— ^ 
30       ^X^X5       5*      ^30       15       a5~5^^30~6' 

Explanation. — In  the  first  process  we  decompose  both  terms  into 
their  prime  factors  and  cancel  out  all  common  factors. 

In  the  second  process  we  do  the  same  thing  by  a  series  of  divi- 
sions. In  the  third  process  we^  produce  the  same  result  at  once  by 
dividing  both  term^s  by  their  greatest  common  divisor. 

Rule. — Divide  both  terms  of  the  fraction  hy  any  common 
factor.  Do  the  same  with  the  new  terms  thus  produced,  and  so 
171,  till  the  terms  are  prime  to  each  other. 

Or,  Divide  both  terms  by  their  greatest  common  divisor. 

-^,  Examples  for  Practice. 

,2.  Reduce  J|  to  its  lowest  terms.  Ans.  |. 

3.  Reduce  -f^}^  to  its  lowest  terms.  x\ns.   J. 

4,  Reduce  Jf  |  to  its  lowest  terms.  Ans.  |. 

Questions. — 108.  How  do  we  reduce  a  fraction  to  smaller  terms  ? — 109.  How 
do  we  reduce  fractions  to  their  smallest  terms  ? 


Alls. 
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5.  Reduce  H£  to  its  lowest  terms. 

6.  Reduce  ^§|  to  its  lowest  terms. 

7.  Reduce  m  to  its  lowest  terms. 

8.  Reduce  j^-^^^  to  its  lowest  terms. 

9.  Divide  27692  by  1248. 
^  10.  Divide  23409  by  1836. 

Case  IV. 

Art.  iiO.  To  find  the  part  that  one  abstract  number  is 
of  another. 

Ex.  1.  What  part  of  6  is  4  ?  Ans.  |. 

Written  Process.  Mental  Process. 

2)|=:|.  6  is  6  units,  and  4  expresses  4  of  the  same  units 
that  oompose  6.  Hence  4  must  be  |  of  6.  This,  reduced  to  its 
lowest  terms,  gives  f . 

Rule. —  Write  that  numher  which  is  considered  the  ■part,  for 
a  numerator,  and  the  other  number  for  a  denominator.  Then 
reduce  to  lowest  terms.  ■ 

Examples  for  Practice. 

2.  What  part  of  64  is  16  ? 

3.  What  part  of  35  is  7  ? 

4.  What  part  of  51  is  17  ? 

5.  What  part  of  625  is  50  ? 

6.  What  part  of  343  is  49  ? 

7.  What  part  of  225  is  30  ? 

8.  What  part  of  1728  is  24? 

9.  What  part  of  1331  is  33  ? 
10.  What  part  of  630  is  35  ?  Ans.  -jig. 

Case  V. 
At't.  111.     To  reduce  an  improper  fraction  to  its  proper 
i.erms. 

Ex.  1.  What  is  the  proper  expression  for  y>  ?        Ans.  6-|. 
Written  Process.  Mental  Process. 

8)49  Since  |  make  1  unit,  Y  expresses  as  many  units  as 

I  arc  contained  times  in  Y  •  that  is,  as  many  units  as  8 

(ji        is  eont-jined  times  in  49. 


Ans, 

J- 

Ans. 

1 
"5- 

Ans. 

i 

Ans. 

A- 

Ans. 

1 
7- 

Ans. 

fv 

Ans. 

-f-^ 

ins.   y 

^T- 

QiTWSTiONS. — 110.  How  do  we  find  the  part  that  orie'' abstract  number  is  of 
anofner? — 111.  How  do  we  reduce  an  improper  fraction  to  its  proper  form? 


Ans. 

132. 

Aus 

.  12. 

Ans. 

23f. 

Ans. 

253, 

Ans.  1. 

Ans. 

831 

Ans. 

57^ 

Ans. 

79s. 

Ans 

;.  8f, 
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Rule. — Divide  the  numerator  hy  the  denominator. 
:  Examples  for  Practice. 

2.  "Wliat  is  the  proper  expression  for  ^-f^  ? 

3.  What  is  the  proper  expression  for  ^j^^  ? 

4.  What  is  the  proper  expression  for  ^|^  ? 

5.  Reduce  ^^^^  to  its  proper  form. 

6.  Reduce  |y  to  its  proper  form. 

7.  What  is  the  value  of  if§o  ? 

8.  What  is  the  value  of  ^-^^^  ? 

9.  Reduce  ^^|^  to  its  proper  form. 
10.  Reduce  VsW/e^  ^^  ^^^  proper  form. 

Case  VI. 

Al*t.  113.  To  reduce  a  mixed  or  whole  a^imber  to  an 
improper  fraction. 

Ex.  1.  Reduce  9f  to  fourths.  Ans.   \^. 

Written  Process. 

9  Mental  Process. 

4  .  Since  4  fourths  make  a  unit,  9  units 
__  *  are  9  times  4  fourths,  that  is,  36  fourths : 
3  6  fourths  in  9              ^^^  ^^^  three  fourths  given,  and  the  whole 

3  fourths  added  in.    ^^^^^"^ '"  39  fourths,  or  \\ 

39  =  3_9 
Ex.  2.  Reduce  13  to  fifths,  Ans.   %^. 

Written  Process. 

13  Mental  Process. 

5  Since  5  fifths  make  a  unit,  13  units  are  13 
—                          times  5  fifths ;  that  is,  65  fifths,  or  V. 

65  fifths  =  %^ 

Rules. — I.  Eor  mixed  numbers. 

Multiply  the  whole  number  hy  the  denominator  of  the  fractional 
part,  add  the  numerator  to  the  product,  and  place  the  sum,  over 
the  denominator. 

IP  For  whole  numbers. 

Multiply  hy  the  proposed  denominator,  and  place  the  product 
over  thai  denominator. 


Ho-#d 


QnsfcU'C  .:^5. — 112.  How*do  we  reduop  a  mixed  numboi-  ta  an  inipropor  frao- 
timi  ?     H>T  a  whole  number? 
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Examples  for  Practice. 

3.  Express  79|  as  an  improper  fraction,  Ans.   '^^^ 

4.  Eeduce  57f  to  an  ^nproper  fraction.  Ans.  ^f^. 

5.  Express  253  in  a^actional  form.  Ans.  ^^^. 

6.  Eeduce  23|  to  ani^nproper  fraction.  Ans.   ^/. 

7.  Eeduce  13|  to  the  form  of  a  fraction.  Ans.  y . 

8.  Express  1  as  a  fraction.  Ans.  y  or  |  or  |,  &c. 

5  3 


9.  Express  17  in  ninths.  Ans. 


'S 


10.  Express  129  in  fifteenths.  Ans.   iff 5. 

11.  How  many  persons  could  share  Sj^^  oranges,  each  having 
one-twelfth  of  one?  Ans.  101". 

12.  Howmany  pecks  of  wheat  in  45 f  bushels?     Ans.  183. 

Case  YII. 
Art.  113.     To  reduce  a  compound  fraction  to  a  simple 
fraction. 

Ex.  1.  "What  simple  fraction  expresses  the  value  of  |  of  ^  ? 

Ans.  ff. 
Written  Process.  Mental  Process. 

3        4 3X4 12  Since  one-ffth  of  a  number  is  obtained 

g"  •^  n        ^  w  J        g^      by  dividing  it  by  5,  and  multiplying  the 
..  '        denominator  of  a  fraction  divides  it,  it 

follows  that  ^  of  f  =  f^.     If,  ^  is  |  of  ^,  then  3  fifths  of  f  must  be 
3  times  ^  ;  that  is,  ^| . 

EuLE. — Multij)ly  all  the  numerators  together  for  anew  nume- 
rafovj  and  all  the  denominators  together  for  a  new  denominator. 

Note  1. — If  there  are  whole  or  mixed  numbers  in  the  compound  ex- 
pression, first  reduce  them  to  the  form  of  a  fraction. 

Note  2, — It  is  best,  before  multiplying,  to  cancel  all  common  factors 
from  numerator  and  denominator. 

Note  3. — It  is  best,  .if  canceling  is  not  employed,  to  reduce  the  pro- 
duct to  its  lowest  terms. 

Examples  for  Practice.  ^ 

2.  Eeduce  |  of  |  of  12  to  a  simple  fraction.  Ans.   ^^. 

Written  Process. 

^  9  ^   1     .    27         9 


•■v 


QuESTjoss. — 11^.  H-wdo  we  reduce,  a  compound  fimcuon  to  a  simple  one? 
What  is  to  be  done  with  whole  or  mixed  numbers?  Whal  is  recommended  to 
shortotn  the  woirk  if 
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3.  Reduce  J  of  |  of  3^  to  a  simple  fraction.  Ans.  j|. 

Written  Process. 
4  V  3       2^  11  _  33 

% 

4.  What  is  the  value  of  |  of  15J  of  1\  ?         Ans.  29y%. 

5.  What  is  the  value  of  f  of  ^^f  of  2%  of  if  ?       Ans.   yV- 

6.  Reduce  /y  of  6|  of  2,\  of  j\  to  a  simple  fraction. 

Ans.   L5/  =  2||. 

7.  What  is  the  value  of  \\  of  |  of  10  ? 

Ans.    W  =  2||. 

8.  What  is  the  worth  of  i  of  |  of  |  of  a  ship  valued  at 
$30000?  Ans.  $8000. 

9.  How  much  is  i  of  24i  of  yf  ^  of  $8  ?  Ang.  $1. 

10.  Express  f  of  H  of  tt^'O^  ii  ^^  5  as  a  simple  fraction. 


Case  YIII. 


Ans.  \. 


A.Ft*  H4L.  To  reduce  two  or  more  fractions,  having  dif- 
ferent denominators,  to  fractions  having  a  common  denominator. 

NoTH. — Two  or  more  fractions  are  said  to  have  a  common  denominator, 
when  their  denominators  are  alike. 

Ex.  1.  lleduce  |  and  |  to  fractions  having  j^e  denominators. 

«  Explanation. — Here  we  see  at  onfie  that  f  can  fee  reduced  to  eighths 
by  multiplying  both  terms  by  2.  ,,Tnen  the  fractions  would  be  f  and 
|,  having  the  same,  that  is,  a  common,  denominator. 

Ex.  2.  Reduce  |  and  |  to  fractions  having  a  common  de- 
nominator. 

ExpLANATiojsr. — Here  we  cannot  do  as  in  example  1,  because  4  is 
not  contfdned  in  9  without  a  remainder.  But  if  we  make  a  now 
denominator  of  4  X  9,  or  36,  we  can  reduce  both  fractions  to  36ths 
by  Case  I.  But  this  process  is  the  same  as  multiplying  the  numera- 
tor 3  by  the  denominator  9  for  one  new  numerator,  and  7  by  4  for 
the  other. 

Rule. — Miiltifply  each  numerator  into,  all  the  clenomiiiqtors 
xcept  its  oicu;  for  the  new  numerators :  then  multiply  all^-^SSi^" 
ienominators  together,  and  icrite  the  product  as  a  denotnim^r'^ 
to  each  new  numerator. 


Ques"a'io\s. — 114.  When  have  fractions  a  common   tejummator?     How  dO 
we  reduce  fractions  to  a  common  denominator  ? 
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Examples  for  Practice. 
3,  Reduce  J,  -^jj,  and  |  to  a  common  denominator. 


An<s      27  0      315     2  0( 


4.  Reduce  |,  ^,  i^,  and  |  to  a  common  denominator. 

Arm     -3i»6     2  31      420      154 
-^^^-    4  6  2'    4  0'    462?   4G2- 

5.  Reduce  2J",  5|,  |,  and  1|  to  a  common  denominator. 

AnS      -^-S^     ISjtJ)      12  8     4  00 
-^^^*-     320?     320?    320?    320" 

6.  Reduce  ^  of  |,  |  of  |,  |j  and  |  of  |,  to  a  common  de- 
nominator An«;     147  00      3920       16800     2  0I6iJ 
ilUimildlUl.                                           JXUb.     39200?    3^200?    3"5-J"00?  ^9200- 

Case  IX. 

Art.  11^.  To  reduce  two  or  more  fractions  to  their  least 
common  denominator. 

Note. — The  least  common  denominator  of  two  or  more  fractions  is  the 
smallest  denominator  that  they  all  can  have. 

Ex.  1.  Reduce  |,  |,  and  -^^  to  tlieir  least  common  denominator. 

Explanation. — Here  we  see,  by  inspection,  that  the  denominator 
12  contains  each  of  the  denominators,  and  that  no  number  less  than 
12  will  do  this.  Therefore  all  we  have  to  do,  in  this  case,  is  to 
reduce  |  and  ^  to  12ths  by  Case  I.  The  fractions  then  v.re  /g,  jS? 
and  j\. 

Ex.  2.  Reduce- J^  j^^,  and  -^^^  to  tlieir  least  common  denominator. 

Explanation. — Here,  to  make  the  new  denominators,  we  must  tind 
the  least  number  that  will  contain  all  the  denominators.  Tliis  must 
be  their  least  common  multiple.  (See  Art,  100.)  Having  foroKl  this 
new  denominator,  the  given  fractions  may  be  reduced  to  it  by  Case  I. 
The  following  is  a  good  form  of  I 

Written  Process. 

2)4     12     16  48  -^  4=:  12;  12  X  3  =  36  = 

1st  Numerator. 

2)2       6       8  48  --  12  =  4;  4  X  5=^20== 

2d  Numerator. 

1       3       4  48  -- 16  =  3;  3  X  7  =21  = 

4  X  3  X  2  X  2  =  48  3d  Numerator. 

An<a      3  6     2  0     2! 


QiiESixjDNS. — 115.  When  have  fractions  their  least  common  denominator? 
Hot's  r.o  wft  r:,.-luce  fractioxiP  to '^eir  least  common  denominator?     What  rlionld 
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Rule. — If  one  denominator  is  a  multiple  of  each  of  the 
others,  reduce  the  other  fractions  to  that  denominator. 

If  no  denominator  is  a  multiple  of  every  other,  find  the  least 
common  multiple  of  all  the  denominators,  and  write  it  as  a  new 
denominator  ;  then  reduce  the  fractions  to  this  denominator. 

Note. — First  reduce  each  fraction  to  its  lowest  terms  ;  also  compound 
fractions  to  simple,  and  mixed  or  whole  numbers  to  fractions. 

Examples  for  Practice. 
3.  Reduce  |,  ^,  J,  and  |  to  the  least  common  denominator. 

AnS       105  .      ^2     .    _9  8_  .     _8  4 


4.  Reduce  |j  |,  |,  -f^,  and  |  to  the  least  common  denomina 
tor  Arm     30  .    24  .   2^  .   12  .    \5 

5.  Reduce  2^,  7j,  and  5|  to  the  least  common  denominator. 

6.  Reduce  ■^^,  ^^,  ^^,  and  Jg  to  the  least  common  denomina- 
tor. ^     ^      _  ,  ^^^s.  yi/4;  yl^;  TI4;  tI4-  . 

7.  Reduce  9i,  y^g,  1^24>  ^^^  ^^  to  the  least  common  denomi' 
natnr  "  Ancs^JiQ-     9.    245.    90 

UdWT.  J\nS.      24    ^    24  ;      24     ^    34- 

8.  Reduce  |,  5,.|,  6,  and  ^  to  the  least  common  denominator. 

Ans     ^4.  •     1  5J)  .    25  .     L8J)  .    15 
.ciua.    30,      30^30^      30/30* 

9.  Reduce  ^,  |,  |,  and  y^^  to  the  least  common  denominator. 

Ati«?      144.     189.    224  .    25i 
■^^^'     504  y     50^  ;     5^4  }     704- 

10.  Reduce  -^q,  |J,  |g,  and  y^^j  to  the  least  common  denomi- 
nator. ^  Ans.  fg%;  ySg^pj  j%%',  j%\.  * 

ADDITION  OF  COMMON  FRACTIONS. 
♦  Al't.  110.     To  find  the  sum  of  two  or  more  fractions. 
Ex.  1.  What  is  the  sum  of  y3y  and  y^y  ?  Ans.  y^y. 

Process  Indicated.  Mental  Process. 

3     I     g    3-{-5  g  Since  3  and  5  make  8,  it  is  plain  that 

TT    I    IT  Yl  ^T     3  elevenths  and  5  elevenths    make  8 

elevenths. 

Ex.  2.  What  is  the  sum  of  |  and  |  ?  Ans.  |J. 

Process  Indicated.  Mental  Process. 

2_L3 Ij 


4- 


-S-TH  — 4  0 


_i    1 5 -^^"^-^^  =-3-1     Since  the  things  to  he  added  must 

-r  4  0  40  4  0  ^e  alike, .( Art.  26,)  It  is"  plain  that 

2  -\-  ^          2  -4-  ^  ^  -4-  '-^ 

the  sum  of  f  and  f  is  not  — —  nor     "t"  ■  nor  ^   ;      ;  and  that  f  and 

5  o  5,  -}-  c 

I  must  be  reduced  50  as  to  represent  like  parts  of  a  unit,  before  they 
can  be/united  in  one  sum.  This  is  reducing  theiu  U'  a  oomcian  (le- 
nominatoT,  makii^  {^  and  ^§,  whose  sum  is  f  J. 
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Ex.  3.  What  is  the  sum  of  2|,  5|,  and  7|  ?       Ans.   15i|. 
First  Method. 

33   _1_  &4  _l      94  191   if^ii 

—  T2  n-  t2  n^  T2  —    T2    —  -"-^TIZ' 

Explanation. 
In  the  first  method,  the  mixed 
numbers  are  reduced  to  fractions; 
then  these  fractions  are  reduced  to 
a  common  denominator  and  added. 
In  the  second  method,  the  whole 
numbers  are  added  by  themselves, 
and  the  fractions  are  reduced  and 
added  by  themselves ;  then  the  sums 
are  united 

+  1%  =  H  =  Hi-  14  +  Hi  =  isji- 

Rule. — If  the  fractions  have  a  common  denominator,  add 
their  numerators,  and  write  the  sum  over  the  denominator. 

If  the  fractions  have  different  denominators,  reduce  them  first 
to  a  common  denominator,  and  write  the  sum  of  the  new  nume- 
rators over  the  common  denominator. 

Either  reduce  mixed  numbers  to  fractions  and  add  them  as 
fractions,  or  find  the  sums  of  the  integral  and  fractional  portions 
separately  and  add  these  sums. 

Note. — To  lesson  labor,  first  reduce  to  lowest  terms,  and  compound 
fractions  to  simple  fractions. 

Examples  for  Practice. 


2| 

=  y- 

P 

U 

=¥. 

y  +  ¥ 

+ 

V 

Second  Method. 

21  = 
51  = 

=  5t%- 

Ti  = 

=  m- 

14 

* 

Hi 

15U 

1 

rhus,  IS 

+  A  + 

1% 

4. 

Add  1  and  |.                                                       Ans.  1^^. 

5. 

What  is  the  sum  of  |  -|-  ^  +  -fy?                   Ans.  ^^: 

6. 

What  is  the  sum  of  ^%  -f  /^  +  ^g  +  ^%  ?         Ans.  1. 

7. 

What  is  the  sum  of  ^^%  +  f  |  -f  ||  +  4|  ?     Ans.  1||. 

8. 

Find  the  sum  of  f J^  +  tVo  +  tVo  +  t¥u-    Ans.  2|i. 

9. 

Find  the  sum  of  |  -f  |  -[-  J^.  +  1-                 Ans.  2^\. 

10. 

What  is  the  sum  of  |  of  |  +  i  of  |  ?              Ans.  Ifi-. 

11. 

What  is  the  sum  of  ^  +  1  +  1  +  J  +  1  +  f  +  1  ? 

Ans.  5.''^,. 

12. 

Find  the  sum  of  I-  of  ^  J-  |  of  4  +  |  of  f  of  3. 

Ans.  iJy,. 

QI7BSTI0NS. — 116.  How  do  we  add  fractions?     How  mixed  number?^     What 
hou'ld  first  be  done  ? 
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13.  What  is  the  sum  of  18i  +  25|  ?  Ans.  44^. 

14.  Whatisthesuiiiofl5|+34j%  +  47yi»6?  Ans.  97i|. 

15.  Find  the  sum  of  ^  +  4  +  ^  of  4-  -^^s-  f  • 

16.  To  i  of  2 J  add  i  of  6i.  Ans.  l/^. 

17.  To  I  of  4  of  48  add  |  of  |  of  96.  Ans.  58. 
Note. — Do  this  briefly  by  a  mental  process  only. 

18.  To  1  of  I  of  J  of  800  add  |  of  |  of  j%  of  1200. 

Ans.  120 

19.  To  f  +  f  +  4  add  f  +  ?  4-  f  Ans.  3||. 

20.  Add  j\  of  f  of  51  +  31  -f  I  of  /^  of  8  j\. 

Ans.  6||J. 

SUBTRACTION  OF  COMMON  FRACTIONS. 
Al't.  117.     To  find  the  difference  between  two  fractions. 
Ex.  1.  From  J  take  f .  Ans.  |. 

Process  Indicated.  Mental  Process. 

I  —  I  __  TrS  __  2       ^  Since  5  from  7  leaves  2,  it  is  plain  that  5 

^  ninths  from  7  ninths  leave  2  ninths. 

Ex.  2.  From  |  take  f .  Ans.  ||. 

Process  Indicated.  Mental  Process- 

I  —  1=1^  —  H  =  ^-^"^  =  41.         Since  the  things  signi- 

9  5  454o  45  45-  oo. 

fied  by  the  numbers  m 
subtraction  must  be  alike,  (see  Art.  31,)  it  is  plain  that  ?>  jifihs  can- 
not be  directly  taken  from  8  ninths.  They  must  first  be  reduced  so 
as  to  represent  like  2mrts  of  a  unit,  and  this  is  reducing  them  to  a 
common  denominator,  making  f  ^  and  ||,  whose  difference  is  ^f . 
Ex.  8.  From  4f  take  2f  Ans.  2-f^. 

Process  Indicated. 

43.  24    L9  1  57  2  8   5  7-2  8   2  9   9  5 

Second  Method.  Explanation. 

4|  =  4_9^.  In  the  first  method,  the  mixed  numbers 

,y^  o  4"  '  are  first   reduced  to  fractions  and  then 

•^3        ^T3-  subtracted  as  in  Ex,  2.      In  the  second 

method,  the  fractional  parts  are  reduced 
2j^3T.  to  a  common  denominator,  and  the  frac- 

tions and  integers  are  separately  subtracted. 

Ex.  4.  From  6  take  f  Ans.  5f 

Process  Indicated. 

ft  4    6   4   42  4 42-4   _w    3  8   f\Z 


Question. — ^117.  How  do  we  subtract  a  fnwtion  from  a  fraction? 
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Second  Method.  Explanation. 

6  In  the  second  method, we  say,  f  from  0,  impossible: 

4  add  ^  to  the  6,  making  6^:  then  f  from  ^  =  f.  Write 


f  and  add  1  to  the  lower  number,  to  increase  it 


5|  much  as  the  6  was  increased.  Then  1  from  6  leaves  5. 

Ex.  5.  From  8J  take  5|.  Ans.  2|-. 

Process  Indicated. 

81   52   =   17  1_7   ^   5  1   34   5  1-3  4   1_7   95 

Second  Method.  Explanation. 

^i  ^^  ^1  In  the  second  method,  we  say,  |  from  I, 

5|  =  5|  impossible:  add  f  to  f,  making  |.     Then 

—  f  from  I  leave  f .     Write  |,  and  carry  1  to 

25  5,  making  6.     Then  6  from  8  leaves  2. 

Ex.  6.  From  7|  take  j\.  Ans.  6|f . 

Process  Indicated. 

75  _8_  68 5_  74  8 72   7  4  8-72  67  6   fi82 

Second  Method.  Explanation. 

7|  =  7f  I  In  the  second  method,  we  say,  Jf  from 

_8_ 072  fl,  impossible:  add  |f  to  ff,  making  ^7^. 

7  1—^  Then  H  fromV/  leave  |f.    Write  ||,  and 

^g2  carry  1  to  0,  making  1.     Then  1  from  7 

^V^  leaves  6. 

Rules. — I.  For  fractions. 

When  the  fractions  have  a  common  denominator,  suhtract  the 
less  numerator  from  the  greater,  and  write  the  difference  over 
the  denominator. 

When  the  fractions  have  different  denominators,  reduce  them 
to  a  common  denominator,  then  "suhtract  in  the  manner  before 
stated. 

II.  For  mixed  numbers. 

Either  reduce  them  to.  fractioris,  and  suhtract  as  directed  for 
fractions,  or, 

Write  the  less  numher  under  the  greater,  and  reduce  the  frac- 
tional parts  to  a  common  denominator.  If  the  upper  fraction 
is  greater  than  the  lower,  subtract,  and  write  the  difference  below: 
then  suhtract  the  lower  whole  number  from  the  upper.  But  if 
the  upper  number  has  either  no  fraction,  or  one  smaller  than  the 
lower  fraction,  add  to   the   upper  place  or  fraction  as  many 


QuiiSTit^iiS. — How  do  we  subtracfr  one  mixed  number  from  another,  or 
fraf^lion  /rnin  a  wbcle  or  mixed  number  ?     What  should  first  be  done  ? 
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parts,  like  those  of  the  lower  fraction,  as  make  a  unit:  then 
subtract  the  loioer  faction,  write  the  difference,  and  carry  1  to 
the  lower  wJ^ole  nurWer,  which  subtract  as  in  whole  numbers. 

Note.— To  lesson  labor,  irst   reduce  to  lowest  terms.     Compound 
fractions  must  be  reduced  to  simple  fractions  before  subtracting. 

Examples  for  Practice. 

7.  From  j%^^  take  j%\  Ans.  j%. 

8.  From  j\\  take  j\\.  Ans.  i. 

9.  From  fjf  take  ||i.  Ans.  ^^^. 

10.  From  -f^take  |.  Ans.  i|.    ' 

11.  From  y\  take  y5_.  Ans.f^^^. 

12.  From  |J  take  if.  Ans.  ||. 
1*  From  1  of  4  take  J  of  j%.  Ans.  yVi>- 

14.  From  |  of  if  take""!  of  if.  Ans.  ^\. 

15.  From  |  take  -i  of  2.       '  Ans.'o. 

16.  What  is  the  difference  between  ^  of  |  and  |  of  J  ? 


--^                                    ^  Ant:^  0. 

7.  Frojn  f  of  121  take  |  of  Gf  Ans.  6i|. 

ffs.)             (19.)  (20.)  (21.)  (22.) 

14f      251  18|  371  311 

H                ^  ■   121  61  ■■       61 

5f      19|  6i  31|  25 

(23.)     (24.)  (25.)  (26.)  (27.) 

421      iG-fi-  15f  624  38 

IQ3.  ■                        52  3  7  ii 


2m  lie  i^ii  ^1          stft 

(28.)  (29.)  (30.)  (31.)  (32.) 

14  105  911  72|  75 

^fi_  6"^l  -9-  '^4'7  1R3 

13  ^-Ai  10  "^^  -'-°4 


13^  421  90^^  47|i  561 
(33.)  (34.)  (35.)  (36.)  (37.) 
571      8/^     21      .  30     1443-4^ 


^4_7J^        IQJ^  104         %0 

•^119        ^"  /4         -"-"7         ^"1 
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MULTIPLICATION  OF  COMMON  FRACTIONS. 

Case  I.         ♦ 
Art.  118.     To  multiply  a  fraction  by  a  whole  number 
Ex.  1.  If  a  yard  of  calico  costs  J  of  a  dollar,  wbat  cost  4 
yards?  Ans.  J  of  a  dollar. 

First  Method.  Mental  Process. 

1X4  In   the  first   method,   we   proceed 

^  X  4  =  — ^ —  =  I  =  ^  on  the  principle  that  multiplying  the 

e             T.T  numerator  multiplies  the  value  of  the 

Second  Method.  fraction;  that  is,  4  times  1  eighth  is 

I  sy  A - 1  4  eighths,  (|,)  which,  in  lowest  terms, 

In  the  second  method,  we  ^oceed 
on  the  principle  that  the  value  of  a  fraction  is  multiplied  by  dividing 
its  denominator.  Four  times  the  value  of  |  is  the  same  as  the  value 
of  1  divided  by  ^  of  8. 

KuLE. — Multiiyly  the  numerator,  and  write  the  prodMCt  over 
the  denominator ;  or, 

Divide  the  denominator  by  the  rmdtiplier,  when  it  fan  he  done 
without  a  remainder,  and  write  the  quotient  as  a  ne^i^£bnomi- 
nator  to  the  given  numerator.  ^^ 

Examples  for  Practice. 

2.  Multiply  f  by  4. 

3.  Multiply  J  by  6. 

4.  Multiply  ^1  by  8. 

5.  Multiply  |i  by  18. 

6.  Multiply  j%  by  16. 

7.  Multiply  ll  by  9. 

8.  At  S2|  apiece,  what  cost  10  hats  ? 

Written  Process. 

2|  Mental  Process. 

1 0  Ten  hats  cost  10  times  $2f  ;  that 

'     .  is,  10  times  $2  +  10  times  f  of  a 

•    20  =  10X2  dollar.     10  times  $2  =  $20,  and 

10  V  ^  =  3-*^  =  7>  ^^  times  f  of  a'^ dollar^  is  ^^^  of  a 


Ans. 

2J,. 

Ans. 

4f 

Ans. 

41. 

Ans. 

51. 

Ans 

i.  3. 

Ans:  i 

h\ 

Ans.  $! 

m. 

f  dollar ;  that  is,  $7^.    '$20  -f  |7i 


27A 


$27i. 


QuESTTO.v. — 118.  How  do  we  multiply  a  fraction  by  a  whole  number; 


w 
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9.  At  $1^  per  bushel,  what  cost  40  bushels  of  wheat? 

Ans.  $45. 

10.  If  a  man^s  wages  are  $1|  per  day,  what  are  they  per 
working  week?  Ans.  $9|. 

11.  What  cost  458  bushels  of  coal,  at  5|  cents  per  bushel  ? 

Ans.  $2Q.33,5. 

12.  At  7 A  cents  per  yard,  what  cost  43  yards  of  muslin? 

Ans.  83.2^,5. 

13.  If  a  candle  burns  4|  hours,  how  long  would  15  similar 
ones  last,  burning  consecutively?  Ans.  72  hours  30  miu. 

Case  II. 

Art.  119,     To  multiply  a  whole  number  hy  a  fraction. 
m.  1.  Multiply  35  by  f  Ans.  20. 

First  Method.       .  ^''-^ 

35 
4 
Mental  Process. 

'  )  Since  ^  of  4  times  35,  is  the  same  value  as  4  times 

4  of  35,  it  is  equally  proper  to  multiply  the  whole 

2  0  number  first  by  the  numerator,  and  divide  the  pro- 

Second  Method,  duct  by  the  denominator ;   or,  first  to   divide  the 

^  .  o  -         whole  number  by  the  denominator,  and  multiply  the 

*  )  *^  "^         quotient  by  the  numerator.     The  latter  method  is 

preferable,  when  the  division  can  be  performed  with- 

5         out  a  remainder. 

4 

20 

Rule. — Either  multiply  the  whole  number  hy  the  numerator, 
and  divide  the  product  hy  the  denominator  j  or, 

Divide  the  whole  number  by  the  denominator,  and  multiply  the 
quotient  by  the  numerator. 

Examples  for  Practice. 

2.  Find  \h  of  96.  Ans.  88. 

3.  Multiply  625  by  ^%.  Ans.  100. 

4.  Find  I  of  1206.  '  Ans.  938. 


Questions. — 119.  How  do  we  multiply  a  whole  number  by  a  fraction  ?     How 
a  wbolo  number  by  a.  mixed  number  ? 
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5.  Multiply  842  by  jf  Ans.  mSj\. 

6.  Find  ^  of  871.  Ans.  47/,=  . 

7.  Multiply  1763  by  f^  Ans.  940^-*^. 

8.  Find  the  product  of  18  X  2|.  Ans.  49^ 

First  Method. 
18 

93 

-'4  ■      '.       ■ 

Mental  Process.    * 

o         . ,  n  o ,   ^^  r"  i  -To  "^  ^      The  product  of  18  by  2f  is  equal 

:>  X  H  =    i-^  =  i  01  iiS         to  the  sum  of  the  products  by  2 

and  by  |.     Twice  18  is  36,  and  f 

49^       >  of  18  is  3  times  ^  of  18  -=  13^: 

Second  Method.  ^^  +  l^i  =  ^^i-                 # 

18  =  V;  a.nd  2|  =  V 

V  X  V  =  ^r  =49J 

9.  Multiply  56  by  12f .  Ans.  703f 

10.  If  a  cubic  foot  of  brick  work  weighs  1872  ounces,  what 
is  the  weight  of  9 f  cubic  feet?  Ans.  llcwt.  361bs.  9^02. 

11.  What  cost  5|  yards  of  cloth  at  $8  per  yard?  \  • 

Ans    $47. 

12.  What  cost  9|  tons  of  hay  at  $12  per  ton? 

Ans.  8115f 

13.  If  a  family  cons^oiie  |  of  a  barrel  of  flour  in  a  month, 
how  much  will  they"  consume  in  a  year  ?  Ans.  8|  bbls. 


Art. 


Case  III. 
ISO.     To  multiply  a  fraction  by^  fraction. 

Ex.  1.  A  farmer  had  a  lot  containing  J  of  an  acre,  and  sold 

1  of  it.  .  What  part  of  an  acre  did  he  sell?  Ans.  -^-0. 

Written  Process.       .  Mental  Process. 

7X2  I  Here  |  of  |  is  to  be  taken 

2  nf  7  —  7  V  "  — —  a  —   '^    2  times.     But  to  get  a  fifth 

-6  01  5  -  5  X  ^  -^  ^  ^  -  4  0  -  5^   ^,^  ^.^^^  ^^y  5^  ^^f^^  i^  ,j^^^^^^ 

to  a  fraction  l3y  multiplying 
By  Cancellation.  i^s   denominator.     This  'pro- 

■*  ^"  /^  '5  —  3TF  one-ffth  of  J,  two  times  {•^, 

that  i:-  ^*,  are  two  fifths  of  |.  This,  in  lowest  terms,  i^  £^.  This  is 
the  sjfcnie  process'as  is  used  in  reducing  compound  fractions  jto  simple 
Iratciuns.  .  •; 
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K-ULE'. — Multipl(/  the  numerators  together  for  a  new  nume- 
rator, and  the  denominators  together  for  a  new-  denominator. 
Note. — Resort  to  cancellation  -whenever  it  will  lessen  labor. 

Examples  for  Practice. 

2.  Find  the  product  of  i  X  |  X  /g-  ^iis.  ^L. 

3.  Multiply  If  by  f  |.    "  Ans.  ^J. 

4.  Find  the  product  of  /^  X  fi  X  ||  Ans.  f^%. 
6.  Multiply  If  by  if.  Ans.  //g. 

6.  What  is  the  product  of  |  X  jo  X  j y  X  |  ?         Ans.  ^4^. 

7.  Multiply  /-,  of  I  by  I  of  J  J .  Ans.  J^ 

8.  Multiply  I  of  8  by  I  of  9.  Ans.  36. 

9.  At  the  rate  of  f  of  a  mile  a  minute,  how  far  would  a  train 
move  in  a  second  ?  Ans.  -gL  of  a  mile. 

10.  What  cost  f  of  a  pound  of  tea,  at  t  of  a  dollar  per  pound? 

Ans.  I  of  a  dollar. 
Case  IV. 
Art.  ISl.     To  multiply  a  mixed  number  by  a  mixed  num- 
ber. 

Ex.  1.  Multiply  7y\  by  ^^\  Ans.  69/3. 

First  Method.  "*  Explanation. 

7_5_'_  82  and  ()-4-  —  i_2i  ^^  *^^  ^^'^^  method,  we 

'11        11  "^"^  ^13         13  reduce  the  mixed  numbers 
If  X  VV  =  iW  =  69y%  =  69^3         to  fractions,  and  then  treat 

them  as  in  Case  III. 
Second  Method. 

7y^j  In  the  second  method,  we  multiply 

9_4_  both  parts  of  7/j  by  9 :  then  by  3^, 

— L?  and  add  the   four   products.     Thus, 

9X7  =63  9X7--63,and9X/T  =  !f  =4iir. 

9  X  A  =    4yV  =  yV^  Again,  j%  X  i  =  f  I  =  2/^ :  also,  -j^ 

_4    v/  -T  __    9j>_  __ _22_  X ./t  =  t¥V-      Then   reduce  the  y'y, 

^^                    ~'},  ^        y^  1^,   and  j\"y  to  a  common  denomi- 

T3  X  TT^=     t"? 3  ^^=  T4  3  nator,  and  add  them,  making  //g^,  01 

r»Q  55  f>Q  5  /y.     Then  add  the  whole  numbers. 

'-'*^T43  — "^13 

Rule. — Either  reduce  the  mixed  numbers  to  fractions,  and 
multiply  as  in  the  case  of  a  fraction  hy  a  fraction  ;  or, 

Multiply  the  whole  numher  and  fraction  of  the  multiplicanxi 

Questions. — 120.  How  do  we  multiply  a  fraction  by  a  fraction  ?  How  can 
we  sometimes  lessen  labor? — 121.  How  do  we  multiply  a  mixed  number  by  a 
mixed  number  ? 
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separately,  hy  the  whole  number  and  fraction  of  the  ififiultvpliei 
separately,  and  unite  the  products  in  one  sum. 

Examples  for  Practice. 

2.  What  cost  4 2  lbs.  of  tea,  at  31?  cts.  per  lb.  ? 

Ans.  ^1.40|. 

3.  What  cost  5 1  cords  of  wood,  at  $4|  per  cord  ? 

Ans.  $27.18f. 

4.  How  many  square  inches  in  a  slate  10|  inches  long  and 
8/g  inches  broad?  Ans.  90i§|. 

5.  How  many  square  rods  in  a  piece  of  land  75|  rods  long 
and  36|  rods  broad  ?  Ans.  2732wV. 

6.  How  much  would  17  J  bottles  of  wine  cost,  each  containing 
I  of  a  gallon,  at  $2f  per  gallon  ?  Ans.  %%^l 

7.  How  many  cubic  feet  in  a  piece  of  masonry  9y^-  feet  long^ 
2f  feet  thick,  and  21|  feet  high?  Ans.  546i. 

8.  A  cubic  foot  of  ice  weighs  58 i  lbs.     What  is  the  weight 
of  a  block  of  ice  16^  feet  long,  9j\  feet  broad,  and  11  inches 
thick?  Ans.  4T.  3cwt.  Iqr.  14ii|31bs. 
..^9.  What  would  be  thev  cost  of  a  piece  of  cloth  31iyds.  long, 

and  If  yd.  broad,  at  11  Jets,  per  sq.  yd.  ?  Ans.  $5.04y|g. 

DIVISION  OF  COMMON  FRACTIONS. 

Case  I. 

Art.  ISS.     To  divide  a  fraction  by  a  whole  number. 

Ex.  1.  Divide  /_  by  2.  Ans.  y\. 

Methods  Indicated.  Explanation. 

6-^-2  In  the  first  method,  we 

First.  -3j^2>=     ^^     =  j\  divide  the  numerator,  be- 

^  cause    that    divides     the 

^irnnM-n      6     .   9 .  6  3     value  of  the  fraction.  (See 

OECOlvD.  yy  -^.-.  —  iiy^2  —22—1 1    Art.  103.)     In  the  second 

Third  -^--^2  =  -6-  V  ^  =  .f^-  =  -^~  method,  we  multiply  the 
•  ]  1  •  "^  11/^2  3I2-  11  denominator,  because  that 
divides  the  value  of  the  fraction.  (See  Art.  103.)  In  the  third 
method,  we  reason  that  y\-divided  by  2  is  the  same  as  ^  of  y\, 
which  is  a  compound  fraction,  to  be  reduced  as  in  Art.  113. 

Rule. — Divide  the  numerator  by  the  whole  number,  and  write 
the  quotient  over  the  denominator.  ^ 

Question. — 122.  How  do  we  divide  a  fraction  by  a  whole  number? 


/ 
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Or,  Multiply  the  denominator  hy  the  whole  number,  and  write 
the  product  under  the  numerator. 

Note  1. — The  former  method  is  preferable,  when  the  whole  number 
is  contained  in  the  numerator  without  a  remainder. 

Note  2. — Resort  to  cancellation  when  it  will  lessen  labor. 

Examples  for  Practice. 

.2.  Divide  /^  by  4.  Ans.  f^. 

3.  Divide  |f  by  5.  Ans.  ^^. 

4.  Divide  ji  by  6.  Ans.  ^J. 

5.  Divide  y^^^  by  11.  Ans.  yf-g. 

6.  Divide  y^^  by  6.  Ans.  -f^. 

7.  Divide  ^|  by  12.  Ans.  ■^%. 

8.  Divide  f  |  by  16.  Ans.  -^-^. 

9.  Divide  i|4  by  60.  Ans.  JJ^^. 

10.  Divide  i|f  I  by  36.  Ans.  y||^. 

11.  Divide  i|f  f  by  9.  Ans.  ^%%\. 

12.  If  a  cask  of  molasses,  containing  75  gallons,  costs  $33f, 
what  is  the  cost  of  1  gallon  ?  Ans.  tt%  of  a  dollar. 

Process.  33f=zi3o.      i|5  ^75^^35  ^^9_. 

13.  If  a  dozen  dinner-plates  cost  62J  cents,  what  is  the  cost 
of  1  plate  ?  Ars.  S^y  cents. 

14.  If  a  gross  of  steel  pens  cost  37*  cents,  what  islhe  cost  of 
1  pen?  Ans.  §|  of  a  cent. 

15.  If  a  set  of  half  a  dozen  knives  and  forks  cost  $4^,  what  is 
the  average  cost  per  piece  ?  Ans.  f  of  a  dollar. 

16.  Divide  §16^  equally  among  four  men. 

Ans.  Each  has  %^. 

T>  4)164       _^      ,       116      ,      29      ,, 

Process.     ^— -|  or  164-^4  =  -— --4-4  = --r  =  4i. 

17.  Divide  S35i|  equally  among  5  men.  Ans.  Each  has  $7y%. 

Case  II. 
Art.  l^S.     To  divide  a  whole  numberby  a  fraction. 
Ex.  1.  Divide  10  by  |.  Ans.  25. 

Processes  Indicated.  Mental  Process. 

First.  1 0  ^  |  =  V^  -^ |  =\'^  -^  t  =  2  5      Since  divisor  and  divi- 
Second.  L0_j_2  __  ]_o  y  5  __50-_o5         aena    must    mean    the 
'    ^     '    ^        I    /^  ^        ^        "  same  things,    (see   Art. 

43,)  it  is  necessary,  if  we  divide  10  by  |,  first  to  reduce  10  to  fifths 
making  50  fifths.     Then  2  fifths  are  contained  in  50  fifths  25  times 
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Now,  10  is  thus  reduced  and  divided  by  simply  inverting  the  divisor 
§,  making  f ,  and  multiplying  10  by  it,  making  ^/  =25.  Or  we  may 
reason  as  follows  : — If  we  divide  10  by  the  numerator  2  only,  we  get 
a  result  Jive  times  too  small,  because  it  is  not  required  to  divide  by 
the  loliole  of  two,  but  by  2^  fifth  of  2.  Therefore,  we  should  multiply 
that  result  by  5,  the  denominator.  This  also  is  attained  by  inverting 
the  I,  and  multiplying  10  by  it. 

Rule. —  Write  the  numerator  for  the  denominator,  and  the  de- 
nominator for  the  numerator,,  and  multiply  the  whole  number  hy 
the  resulting  fraxition. 

Examples  for  Practice. 

2.  Divide  36  by  y\.  Ans.  66. 

3.  Divide  42  by  ||.  Ans.  49i. 

4.  Divide  63  by  J|.  Ans.  92|. 

5.  Divide  75  by  8f  Ans.  9. 

^     '  3 

Process.    75  ^  8^  =  75  -f-  V  =^  X/x  =  9- 

6.  At  4^  cents  per  lb.,  how  much  rice  can  be  bought  for 
90  cents?  Ans.  201bs. 

7.  At  $3|  per  hat,  how  many  hats  will  §104  buy? 

Ans.  32. 

8.  If  one  pound  of  sugar  costs  12 J  cents,  how  many  pounds 
can  be  bought  for  85.50?  "  Ans.  441bs. 

Art.  1^4:.  The  reciprocal  of  a  number  is  the  quotient 
arising  from,  dividing  1  by  that  number.  Thus,  the  reciprocal 
of  5  is  i;  of  9  it  is  -|,  &c. 

To  form  the  reciprocal  of  a  fraction. 

Ex.  1.  What  is  the  reciprocal  of  |  ?  Ans.  |. 

Demonstration. 
l-f-|  =  l  X|=|         Hence  the  following 
KuLE. — Interchange  the  terms  of  the  fraction. 
Examples  for  Practice. 

2.  What  is  the  reciprocal  of  |?  of  |?  of  j\?  of  j%? 

3.  What  is  the  reciprocal  of  j\?  of  f  ?  of  j^?  of  jf?  of  y»^? 

4.  What  is  the  reciprocal  of  jf?  of  l|?  of  |j?  of  i|  of  |4? 

Qttestions. — 1^3.  How  do  we  divide  a  whole  number  by  a  fraction  ? — 124. 
Wbat  is  the  reciprocal  of  a  number?  How  do  we  form  the  reciprocal  of  a  frac- 
tion ? 
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Case  III. 

Art.  l!^0.     To  divide  a  fraction  by  a  fraction. 
Ex.  1.  How  many  times  -fj  in  ^|?  Ans.  5^^^. 

Process  Indicated.  Mental  Process. 

U^  t\  =  M  X  y  =  W  =  ^4%       If  ^6  ^''-''^^  i^  ^'J  2,  we 

obtain  i§.  But  ^^  must  be 
eleven  times  too  small,  because  it  is  not  required  to  divide  by  2,  but  by 
one  eleventh   of  2.     Hence,   we   must  multiply  ^§   by  11,  making 

40 
Ex.  2.  Divide  ^  of  |  of  j\  by  |  of  f .  Ans.  J. 


Process  Indicated. 


3 

Explanation. 
Since  the  value  of  a  compound  fraction  can  be  expressed  in  a  sim- 
ple fraction,  it  is  plain  that  its  members  can  have  their  terms  inter- 
changed and  used  as  multipliers,  as  in  Example  1.  Then  the  dividend 
and  divisor  become  one  compound  fraction,  to  be  reduced  to  a  simple 
fraction  in  the  usual  way. 

Rule. — Multiply  the  dividend  by  the  reciprocal  of  the  divisor. 

Note  1. — To  divide  one  mixed  number  by  another,  first  reduce  them 
to  fractious,  and  proceed  as  in  the  rule. 
Note  2. — Resort  to  cancellation,  when  it  will  lessen  labor. 

Examples  for  Practice. 


3.  Divide  J  by  f 

Ans.  If. 

4.  Divide  jf  by  |. 

Ans.  15, 

5.  Divide  /^  by  if. 

Ans.  U- 

6.  Divide  |  by  f 

Ans.  |. 

7.  Divide  fj  by  ^^, 

Ans.  2f. 

8.  Divide  /^  by  f  r 

Ans.  3^3^. 

9.  Divide  |  of  f  by  f  of  jf . 

Ans.  fg 

10.  Divide  |  of  21  by  |  of  9. 

Ans.  /4. 

11.  Divide  I  of  if  of  if  by  ^ 

of 

+1 

Ans.  3|. 

12.  Divide  11|  by  2f 

Ans.  5-^. 

13.  Divide  81|  by  ^. 

Ans.  5. 

14.  If  f  of  a  barrel  of  flour  cost  51 

dollars. 

what  will  1  barrel 

cost? 

Ans.  $8.25. 

Questions. — 125.  How  do  we  divide  a  fraction  by  a  fraction?    How  do  we 
divide  a  mixed  number  by  a  mixed  number  ? 
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15    If  I  of  a  yard  of  cloth  cost  $7,  what  will  1  yard  cost? 

Ans.  $9f 

16.  If  a  man  average  23|  miles'  travel  per  day,  how  long  wili 
he  be  in  going  134|  miles?  Ans.  5|fi  days. 

17.  At  $2|  per  pair,  how  many  pairs  of  shoes  can  he  bought 
for  $35f  ?  Ans.  15  pairs. 

18.  If  I  of  an  acre  of  land  cost  843^,  what  will  1  acre  cost? 

Ans.  $52^. 

COMPLEX  FRACTIONS. 

Art.  1S@.     To  find  the  value  of  a  complex  fraction. 

2 
3 

Ex.  1.  What  is  the  value  of    ^?  Ans.  j\. 

Process  Indicated.  Mental  Process. 

—  =:%-^2^=%-i-^=%  X  l  =  A       Since  a  fraction  ex- 

3*"  3  2  3^>5  JO  .,,...  _ 

2^  presses  the  division  of 

^  its   numerator  by   its 

J: 

denominator,  the  complex  fraction  o^  expresses  the  quotient  of  f  -r- 
2|.     This  reduces  to  ^,  as  shown  in  the  process. 

Rule. — Reduce  the  expression  in  each  term  of  the  complex 
fraction  to  a  simple  fraction  if  necessary:  then  divide  the 
numerator  of  the  complex  fraction  hy  its  denominator.  ^ 

Examples  for  Practice. 


2. 

What  is  the  value  of  —  ? 

1 

Ans.  35. 

3. 

What  is  the  value  of  _!_? 

Ans.  ^-^. 

4. 

1  5 

What  is  the  value  of  ~? 
7  rt 

Ans.   J|i. 

5. 

'  9 

Wliat  is  the  value  of  ^  "^  ^     ? 
.1 

Ans.  \l\. 

6. 

What  is  the  value  of  | i-? 

Aris.  1/5. 

Question. — 126.  How  do  we  find  the  value  of  a  complex  fraction  ? 
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-  X  -- 
7.  What  is  the  value  of —1  Ans.  2|. 


7X1^ 


6    

8.  What  is  the  value  of  ^    '    ^  ?  Ans.  1  ^  V 

9.  Simplify  A4ilz£|4f~  Ans.iMlfl- 

10. Simplify ^:M)+ii><ii).  ^.,,^. 


DENOMINATE  FRACTIONS. 

Art,  137.  A  DENOMlNi^E  Fraction  is  a  fraction  which 
expresses  one  or  more  parts  of  a  measuring  unit.  Thus,  |  of  an 
hour,  I  of  an  ounce,  and  |  of  a  yard  are  denominate  fractions. 

REDUCTION  OF  DENOMINATE  FRACTIONS. 

Art.  1S8.  Reduction  of  a  denominate  fraction  is  convert- 
ing a  fraction  expressing  parts  of  a  certain  measuring  unit  into 
an  equivalent  expression  in  other  measuring  units. 

Case  I. 

Art.  139.  To  reduce  a  fraction  to  an  equivalent  fraction 
in  a  lower  denomination. 

Ex.  1.  What  part  of  a  dime  is  -^^  of  a  dollar?         Ans.  i. 

Process  Indicated. 

,1^  of  $1  =  ^0  of  10  dimes  =  ^  of  ^  =  ig  =  ^ 

Mental  Process. 

Since  10  dimes  make  1  dollar,  2^5  of  a  dollar  must  be  ^  of  10 
dimes ;  that  is,  ^^  of  1  dime ;  that  is,  ^  of  a  dime. 

Ex.  2.  What  part  of  a  farthing  is  y^L-  of  a  pound  ? 

Ans.  if 
First  Process  Indicated.  Mental  Process. 

-i^^X "TX TX  f  =  § j     tA'^  of  £1  =  ,-^V^  of  20s.,  =  jU, 
-tf  of  Is.     T§gjjofls.  =  -r§g^ofl2d.= 

iWoOfld.     /oVoOfld.  =  T'nViT0f 
4qrs.  =  jS/^Ojy  of  Iqr.    It  is  plain  that 
Second  Process  Indicated.  all  these  operations  can  be  repre 

_  1  _  V   960  — -  _9JL  _-  2  4         sented   in    one,  and   shortened  by 
iI)Co  /N     1  100         25         cancellation.      In  the  second  pro- 

cess we  say  at  once  that  ^^\^  of  £1  =  ^^^^  of  960qrsr,  since  960 
qrs.  make  £1. 
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Rule. — Multiply  the  fraction  hy  the  numbers  that  reduce  its 
denomination  to  the  denomination  required. 

Examples  for  Practice. 

3.  Keduce  y^r^^^  of  a  X  to  the  fraction  of  a  penny. Ans.  ^j. 

4.  What  part  of  a  foot  is  yj|y -  of  a  mile  ?  Ans.  ^j. 

5.  Express  yjgo^  of  an  acre  in  terms  of  a  sq.  ft. 

Ans.  l|i.. 

6.  Express  jgg^goy  of  a  cu.  yd.  in  terms  of  a  cu.  in. 


'.  What  part  of  a  grain  is  -^^^^^-^  of  a  pound  Troy 


Ans.  |. 

? 

Ans.  1. 


8.  What  part  of  a  B  is  /g  of  an  ^  ?  Ans.  ||. 

9    Keduce  3 gJo^  of  a  ton  to  terms  of  an  ounce.      Kns.  |. 

10.  What  part  of  a  pint  is  jV  of  a  gallon  ?  Ans.  f . 

11.  What  part  of  a  f^  is  ^ig  of  a  pint  ?  Ans.  \. 

12.  What  part  of  a  minute  of  arc  is  3^ix>o  ^^  ^  circumference  ? 

Ans.  ^f. 

13.  What  part  of  a  minute  is  ^jgl)  ^^  ^  ^^^  ^  ^^^*  f * 

14.  What  part  of  a  pint  is  j\^  of  a  bushel  ?  Ans.  ^. 

Case  II. 
Art.  130.     To  reduce  a  fraction  to  an  equivalent  fraction 
of  a  higher  denomination. 

Ex.  1.  What  part  of  a  dollar  is  J  of  a  dime  ?         Ans.  J^. 

Process  Indicated. 
i  of  a  dime  =  i  of  j\j  of  a  dollar  =  -jj^  of  a  dollar. 
Ex.  2.  What  part  of  a  X  is  |f  of  a  farthing?     Ans.  jq^^^. 

First  Process  Indicated.  Mental  Process. 

^-f        J           ^            1    _      1  II  of  1  qr.  =  If  of   i  of  a 

33  X-^  X  :fa_  X  2^  —  11500  .  penny,  that  is  j^^  of  a  penny. 

^  T^  of  a  penny  =  -j%%  of  yV  of 

Second  Process  Indicated.  ^*  T4^^^5    i    ^^  -pV—     ' 4  * 

.  fl  X  w-=  TI)TJo-  of  £1  =  T<j'iJ(J  of  X.    It  li plain 

"^  "^^  that  all  these  operations  can  be 

represented  in  one,  and  shortened  by  cancellation.     In  the  second 

process  we  say  at  once,  |f  of  a  farthing  =  |f  of  5^^  of  a  £,  since 

960  farthings  make  a  £. 

Questions. — 127.  What  is  a  denominate  fraction  ? — 128.  What  is  reduction 
of  a  denominate  fraction  ? — 129.  How  do  wo  reduce  a  fraction  to  terms  of  a 
lower  denomination  ? 


A  >^. 
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KuLE. — Divide  the  fraction  hy  the  numbers  that  reduce  its 
denomination  to  the  denomination  required. 

Examples  for  Practice. 

3.  What  part  of  a  mile  is  |  of  a  yard  ?  Ans.  7^^^. 

4.  What  part  of  a  chain  is  ^^f  of  an  inch  ?  Ans.  j  Jq. 

5.  What  part  of  a  square  mile  is  ^  of  a  rod  square? 

Ans.    4  0-5^6  0  0- 

6.  What  part  of  a  square  foot  is  ^  of  a  foot  square  ? 

Ans.  \. 

7.  What  part  of  |  of  a  square  yard  is  |  ofii^a  yard  square  ? 

Ans.   |. 

8.  What  part  of  a  cubic  foot  is  ^  of  a  foot  cube  ?      Ans.  |. 

9.  What  part  of  a  gallon  is  -|  of  a  pint  ?  Ans.  -g^^- 

10.  What  part  of  a  ton  is  |  of  a  pound  ?  Ans.  3500* 

11.  What  part  of  a  week  is  |  of  an  hour  ?  Ans.  -^\-^. 

12.  What  part  of  a  circumference  is  j  of  a  minute  ? 

Case  III. 
Art.  131,     To  find  the  value  of  a  denominate  fraction. 
Ex.  1.  What  is  the  value  of  ^§  of  a  lb.  avoirdupois  ? 

Ans.  15oz.  3Jdr. 
Written-  Process. 
19 
16 

r7~:  Mental  Process. 
114 

;[9  i§  of  a  lb.  av.  =  ^§  of  16oz.  =  W  of  lo?- 

_1 =  15oz.  and  ^    of  an   oz.      Since    15oz.   is 

20)304(15  alreadv  a  whole  number,  we  have  only  to  find 

2  0  in  the  same  manner  the  value  of  A  of  an  oz. 

Y^  /j  of  loz.  =  5%  of  16dr.  ==  f  ^  of  Idr.  =  3dr.V, 

r  ^  1^  and  /(J  of  a  dr.     Now,  there   is  no  lower  de- 

1"^  nomination  than  drams :  hence  we  cannot  find 

^  the  value  of  -^  of  a  dram,  but  must  reduce  it 


to  lowest    terms  and  annex  it  to  the  whole 
number. 


16 

^'20)64(34 
60 
4   1 

20    o 

QuKSTio:^. — 130.  How  do  we  reduce  a  fraction  to  a  fraction  of  a  higher  de- 
BoraiHatJon  ^ 


3.  What  is  the  value  of  |  of  an  acre  ? 
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Rule. — Reduce  the  fraction  to  the  first  denomination  in  which 
it  will  be  an  im2)roper  fraction  ;  then  find  the  value  of  this  imi- 
proper  fraction.  If  the  result  is  a  mixed  number,  reduce  its 
fractional  part  in  the  same  manner,  and  so  on  till  the  complete 
value  is  obtained. 

Examples  for  Practice. 

2.  What  is  the  value  of  -f^  of  a  yd.  ?  Ans.  3qr.  2|na. 

"     '         '         "        ~    in  acre  ? 

Ans.  2R.  IIP.  116ft.  97fin. 

4.  What  is  the  value  of  |  of  a  cwt.  ? 

Ans.  551bs.  8oz.  14fdr. 

5.  What  is  the  value  of  -^^  of  365i  days '( 

Ans.  116da.  5hr.  lOniin.  Sly^ySec. 

6.  What  is  the  value  of  j\  of  a  circumference  ? 

Ans.  163°  38'  lOif". 

7.  What  is  the  value  of  |  of  a  mile  ? 

Ans.  3fur.  22rd.  3ft.  Sin. 

8.  What  is  the  value  of  |  of  a  bushel  ? 

Ans.  2pk.  5qt.  0|pt. 

9.  What  is  the  value  of  ^  of  a  gallon  ? 

Ans.  2qt.  Ipt.  2f  gi. 
10.  What  is  the  value  of  |  of  a  ton  ?  Ans.  12cwt. 

Art.  13S.  To  find  the  fraction  that  one  denominate 
number  is  of  another. 

Ex.  1.  What  part  of  a  week  are  Ihr.  lOmin.  30sec.  ? 

Ans.  ^41^. 
Process  Indicated. 
Ihr.  1  Omin.  3 Osec.  =    423 Osec.     _     141  47 

7  days.  =  604800sec.  —  20160  ^  6720 

Mental  Process. 
Since  things  compared  must  be  of  the  same  kind,  we  reduce  both 
quantities  to  seconds,  the  lowest   denomination  in  either  'of  them. 
Then  1  hour  lOmin.  30sec.  is  that  part  of  7  days  which  the  seconds 
in  the  former  are  of  the  seconds  in  the  latter. 

Rule. — Reduce  both  numbers  to^he  same  denomination  t  then 
write  that  which  is  to  be  the.  part,  for  a  numerator,  and  the 
other  for  a  denominator. 

Qttestions.—  i3K  How  do.we  find  the  value  of  a  denominate  fraction'?-^132. 
ti  'W  do  we  fiu4j|feo.§;action  tTlj«4r)ne  denominate  number  is  of  another? 


ADDITION   OF   DENOMINATE    FRACTIONS.  155 

Note. — It  is  generally  most  convenieut  to  select  the  lowest-mentioned 
denomination  as  that  to  which  both  should  be  reduced,  and  to  reduce 
the  fraction  to  lowest  terms  after  it  is  constructed. 

Examples  for  Practice. 

2.  What  part  of  $5  are  75  cents  ?  Ans.  5^^. 

3.  What  part  of  8  miles  are  ISOrds.  9ft.  ?         Ans.  j^^§^. 

4.  What  part  of  4nii.  37ch.  are  69ch.  ?  Ans.  fj%. 

5.  What  part  of  27^  yds.  are  5yds.  2ft.  Gin.  ?      Ans.  //^ 

6.  What  part  of  10  feet  square  are  10  square  feet  ? 

■Ans.  J^. 

7.  What  part  of  a  cord  of  wood  is  a  load  8  feet  long,  3^  feet 
wide,  and  2  feet  9in.  high  ?  Ans.  jYg. 

8.  Having  a  barrel  containing  40gal.  of  alcohol,  I  sold  7gal 
3qt.  Ipt.     What  part  of  the  whole  remained  in  the  barrel  ? 

.    ^i^s.  If  J. 

9.  A  druggist  bought  5Jlbs  of  rhubarb,  and  iteed  in  pre- 
scriptions 2ib  9§  63  29.      What  part  of  it  did  he  use  ? 

^ns.  577-5. 

10.  What  is  the  least  number  of  pound-weights  of  iron  that 
will  balance  a  whole  number  of  pounds  of  gold  ? 

Ans.  144. 
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Art.  13S.     To  find  the  sum  of  two  or  more  denominate 
fractions.  ^ 

Ex.  1.  What  is  the  sum  of  f  of  a  day,  and  y^   of  an  hour  ? 

Ans.  17hr.  24min.  bQf^seo. 

First  Method.  Remark. 

»  of  a  day=rl7hr.  8min.  34fsec.  On    performing    the 

3    nfinhnnr—     IB"      91  9  a  processes  here  indicated 

IT  ot  an  nour—     10 -^tt  ^j  Art.  131,  the  learner 

Sum,  17hr.  24min.  56^®7ysec.  Ans.  will    need    no    further 

explanation. 

Second  Method.  « 

,_3_  of  an  hour  =  j\  of  ^^  of  a  day  =  ^L  of  a  day. 
4  of  a  day-l-g^g  of  a  day  =  |fj  of  a  day  =  17hr.  24min. 

Question. — 133.  How  do  we  find  the  sum  of  two  or  more  denominate  frac 
tions  ? 
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Rule. — Find  the  value  of  each  fraction  separately,  and  then 
add  these  values  as  in  compound  addition;  or, 

Heduce  the  fractions  to  the  same  denomination,  then  add  them, 
and  find  the  value  of  their  sum. 

Examples  for  Practice. 

2.  What  is  the  sum  of  j^j  of  a  circumference,  and  4  of  a 
degree  ?  Ans.  98°  45'  llf f'. 

3.  To  j^g  of  a  ton  add  f^  of  a  cwt,,  and  f^  of  a  lb. 

Ans.  6cwt.  541b.  4oz.  14l|dr. 

4.  Add  together  \  of  an  acre,  i  of  a  sq.  rd.,  and  i  of  a  sq.  ft. 

Ans.  53sq.  rd.  145sq.  ft.  49||sq.  in. 

5.  Find  the  sum  of  |  of  a  bushel,  f  of  a  peck,  and  |  of  a  qt. 

Ans.  Ibu.  Iqt.  1^^-^-^t. 

6.  To  get  to  the  school-house,  John  walks  1|  miles,  James 
2 1  miles,  and  Mary  i  of  a  mile.  What  is  the  average  of  the 
distances  walked  by  the  three  ? 

Ans.  Imi.  84rd.  10ft.  9^fin. 

SUBTRACTION  OF  DENOMINATE  FRACTIONS. 

Art.  134.  To  subtract  one  denominate  fraction  from 
another. 

Ex.  1.  From  |  of  a  £  take  |  of  a  shilling. 

Ans.  8s.  4d.  Oifqrs. 

First  Method.  Remark. 

'^  |£  =  8s.  6d.  3|qr.  On   performing  the   processes 

2s  =        2      2^  ^^^^  indicated,  by  Art.  131,  the 

^  ' ^  learner  will  need  no  further  ex- 

Difif.  8s.  4d!  Ojfqr.  x\ns.     > ,   planation. 

Second  Method. 
^s ^  X  2 0  —  "5(5^ 

Rule. — Find  the  value  of  each  fraction  separately,  and  then, 
subtract  one  value  from  the  other,  by  comj^ound  subtraction. 

Or,  Reduce  the  fractions  to  the  same  denomination,  then  sub- 
tract one  from  the  other,  and  find  the  value  of  the  resulting  frac- 
tion. 


Question. — 134.  How  do  we  subtract  one  denominate  fraction  from  another? 


>>  ^  \?  V    V 
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Examples  for  Practice. 

2.  From  -fj  of  a  mile,  take  y^^  of  a  rod. 

Ans.  144rd.  9ft.  1|  in. 
3    From  ^  of  a  sq.  mile,  take  jl  of  an  acre. 

Ans.  496A.  BR.  29P.  16ft.  41 /^in. 

4.  From  |  of  a  bushel,  take  |  of  a  peck. 

Ans.  2pk.  4qt.  0/_pt. 

5.  From  a  hogshead  capable  of  holding  123  gallons,  but  which 
was  two-thirds  full  of  vinegar,  271  gallons  were  sold :  how  much 
remained  in  the  cask  ?  Ans.  54gal.  2qt.  Ipt. 

6.  A  person,  of  55  t  years  of  age,  had  spent  i  of  his  life  before 
he  began  to  earn  any  thing :  of  the  remainder  of  his  life  he  had 
spent  23i  years  in  other  ways  than  labor.  What  time  was  he 
engaged  in  earning,  reckoning  365 i  days  as  a  year  ? 

Ans.  13yr.  252da.  4hr.  42min.  51|sec. 

DUODECIMALS. 

Art.  13^.  Duodecimals  are  those  fractions  of  a  linear, 
square,  or  cubic  foot,  which  are  expressed  in  descending  denomi- 
nations, in  each  of  which  a  unit  is  one-twelfth  of  the  next 
higher. 


Table. 

12  primes     (^) 
12  seconds  {'') 
12  thirds     {'^') 

make 

1  foot  (ft.) 
1  prime. 
1  second. 

12  fourths  {'''') 

(( 

1  third. 

&c. 

&c. 

&c. 

&c. 

The  marks  ',  '^,  '",  &c.,  denoting  the  denominations,  are  called 
indices. 

From  the  table  it  appears  that 

1  prime  =  ^V  of  a  linear,  square,  or  cubic  foot. 

1  second  =  j^  of  tV  =  li*  "  "  " 

1  third  =  tV  of  Ti4  =  TTW 

lfourth=-rVofT^^8  =  ^(Tl!rF     " 

&c.     &c.     &c.     &c. 


Questions. — 135.  What  are  duodecimals  ?    Repeat  the  table.    What  are  the 
indices  ? 
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Art.  136.     To  find  the  value  of  a  duodecimal  expression. 
Ex.  1.  What  is  the  value  of  6ft.  5'  T'  8'"  linear  measure  ? 

Ans.  6|||  linear  feet. 

Written  Process. 
bit.  =0  Rule, — Express  the  primes, 


^    =    T3    ^^^  llU'E  seconds,  thirds,  <&c.  as  fractions, 

7"  =  jj^  =tIIf  ^^671-  add  them,  and  annex  their 

8'"  =  j7f%-g  =  T7®^5  value  to  the  number  of  feet. 

«  812    A203 

"T72H "4  32 

Examples  for  Practice. 

2.  What  is  the  value  of  9sq.  ft.  3'  iF  10"'  ? 

Ans.  9|||sq.ft. 

3.  What  is  the  value  of  25cu.  ft.  4'  6"  2'"  9""  ? 

Ans.  25||f|cu.ft. 

Art.  137.  Duodecimal  expressions  may  be  added;  or  sub- 
tracted, and  multiplied  or  divided  by  a  whole  number,  like  com- 
pound numbers. 

Note. — Examples  of  these  processes  have  been  already  given  in  Com- 
pound Numbers. 

Art.  138.  To  find  the  denomination  of  the  product  of  one 
duodecimal  number  by  another. 

When  one  duodecimal  numbq^,  expressing  length,  is  multiplied 
by  another,  the  product  expresses  surface.  Thus,  1ft.  linear 
X  1'  linear  =  V  square  measure ;  that  is,  a  surface  1ft.  long, 
and  1  inch  broad,  which  is  equal  to  j\  of  a  square  foot. 

Again,  1'  X  1'  linear  =  1  inch  X  1  iiich  =  1  square  inch ; 
=:-j\  X  75  =  t|4  of  a  square  foot  =  1"  square  measure. 

Again,  1'  X  1"  linear  =  j\  X  li?  =  T73H  ^^  ^  square  foot; 
=  1'"  square  measure. 

Also,  1"  X  1"  linear  =  ji^  X  ih  =  ^-uhe  ^f  a  square  foot; 
=  1""  square  measure. 

&c.  &c.  &c.  &c. 

When  >  one  duodecimal  number,  expressing  surface,  is  multi- 


QuESTiONS. — 136.  How  do  we  find  the  value  of  a  duodecimal  expression  ?— 
137.  How  are  duodecimals  added,  subtracted,  and  multiplied  or  divided  by  a 
whole  number? — 138.  How  do  we  express  the  denomination  of  a  product? 
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plied  by  another  expressing  levgth,  the  product  expresses  volume 
or  cubical  capacity. 

Thus,  1ft.  sq.  X  V  linear  =  1'  cubic ;  that  is,  jV  of  a  cubic 
foot. 

Again,.!'  sq.  X  1'  linear  =  A  of  a  sq.  ft.  X  t2  '^^  ^  linear 
foot  =  j|^  of  a  cubic  foot  =  V  cubic. 

&c.  &c.  &c. 

From  these  illustrations  we  perceive  that 

Feet  multiplied  by  feet,  produce  feet. 

Feet  multiplied  by  another  clenomination,  produce  that  denomi- 
nation. 

Primes,  multiplied  by  primes,  produce  seconds ;  by  seconds, 
produce  thirds;  by  thirds,  produce ybz^r^As,  &c. 

Seconds,  multiplied  by  seconds,  produce  fourths;  by  thirds, 
i^Toduoe  ffths  ;  &c.     Hence  the 

Rule. —  The  denomination  of  a  product  is  expressed  hy  the 
sum  of  the  indices  of  its  factors. 

Art.  139.  To  multiply  one  duodecimal  expression  by 
another. 

Ex.  1.  Multiply  4ft.  8'  linear  by  2ft.  5'  linear. 

*      Ans.  lOsq.  ft.  3'  3". 

Written  Process.  Explanation. 

4f|.      3/  First  5^  X  3^  =  15^^  =  r  3^^.    Write  3^^ 

OP,'      r,  and  carry  the  V  to  the  next  product.    Then 

_ffr ^  5^  X  4ft.  =  20^ ;  add  the  V  carried,  making 

1         9'     3"  2V,  which  =  1ft.  9';  write  the  whole.    Then 

8         6'  2ft.  X  3^  =  6^ ;    write    the    6^   under   the 
primes.     Then  2ft.  X  4ft.  =  8ft.  ;  write  the 


10ft.     3'     3"  whole.      Now    add  these   products,    as   in 

compound  addition. 

Rule. —  Write  the  denominations  of  the  multiplier  under  like 
denoTninations  of  the  multiplicand. 

Beginning  at  the  right  hand,  multiply  in  grder  the  number  in 
each  denomination  of  the  multiplicand,  hy  the  number  in  each  de- 
nomination of  the  multiplier,  considering  and  reducing  each  jpar- 
ticd  product  as  a  denomination  expressed  hy  the  sum  of  the 
indices  of  its  factors. 

Add  the  partial  products  as  in  Compound  Addition. 

Question. — 1.39.  How  do  we  multiply  one  duodecimal  expression  by  another? 


«l 
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Examples  for  Practice. 

2.  Multiply  7ft.  9'  by  6ft.  8'.  Ans.  51sq.  ft.  8'. 

3.  Multiply  9sq.  ft.  11'  by  5ft.  10'.      Ans.  57cu.  ft.  10'  2". 

4.  Wbat  is  the  area  of  one  side  of  a  board  15ft.  4'  long,  and 
1ft.  6'- broad  ?  Ans.  23sq.  ft. 

5.  How  mucb  will  it  cost  to  paint  a  surface  50ft.  6'  long,  and 
8ft.  9'  broad,  at  2  cents  per  sq.  ft.  ?  Ans.  $8.83,7-]-. 

6.  How  mucb  wood  is  there  in  a  pile  25ft.  8'  long,  5ft.  5' 
higb,  and  3ft.  4'  wide  ?  Ans.  3  cords,  79cu.  ft.  5'  1"  4"'. 

7.  How  mucb  plastering  in  a  room  15ft.  5'  long,  12ft.  7'  wide, 
and  9ft.  11'  high,  there  being  2  doors,  each  3ft.  11'  by  7ft.  8'; 
a  mantel-piece,  5ft.  3'  long,  by  4ft.  11'  high ;  2  windows,  each 
3ft.  10'  by  6ft.  2' ;  and  a  wash-board,  9  inches  high  ? 

Ans.  583sq.  ft.  11'  11". 

8.  How  many  cubic  feet  of  earth  were  removed  in  digging  a 
cellar  40ft.  9'  long,  22ft.  6'  wide,  and  5ft.  5'  deep  ? 

Ans.  4966CU.  ft.  4' 10"  6'". 

Art.  14:0.  To  divide  one  duodecimal  expression  by 
another. 

Ex.  1.  A  certain  window  contains  lOsq.  ft.  3'  3",  and  its 
breadth  is  2ft.  5'.     What  is  its  length  ?  Ans.  4ft.  3'. 

Written  Process.  Mental  Process. 

2ft.  5')  10ft.  3'     3"  (4ft.  3  Since  surface  is  the  product  of 

9       3  length  by  breadth,    if  we   divide 

surface  by  length,  which  is  one  fac- 

<       3  tor,  we  obtain  breadth,  the  other 

7      3  factor.    In  this  written  process,  we 

first  divide  10ft.  by  2ft.  5^.    It  will 

often  be  proper  to  reduce  both  divisor  and  that  part  of  the  dividend 
divided  to  the  same  terms,  that  we  may  at  once  approximate  to  the 
-true  quotient  term.  Thus  2ft.  5^  =  29^  and  10ft.  =  120^  120^  -t- 
29^  =  4.  Write  4  in  the  quotient,  and  multiply  2ft.  5^  by  it,  pro- 
ducing 9ft.  8^.  Subtract,  and  bring  down  y^.  Then  2  in  7^,  3 
times  ;  3^  X  2ft.  5^  =  7^  3-^^.  Or  we  can  reduce  7^  ^^  to  seconds, 
making  87^^ ;  then  ^9^  jn  87^^  gives  y,  which  multiplied  into  2ft.  y 

Second  Method.  Explanation. 

2ft.  5'^29'  and  10ft.  3'  3"  ==1479"     ,J,^  SSrer^and 
l479"~-29'  =  51'=;=4ft.  3'  then     the     quotient     to 

higher  terms. 

Question. — 140.   How  do  we  divide  one  duodeciuial  oxoression  hy  another? 
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Rule. — Find  hoio  man?/  times  the  divisor  is  contained  in  the 
least  left-hand  portion  of  the  dividend,  that  ivill  contain  it,  and 
write  the  number  for  the  first  term  of  the  quotient.  Then  midti- 
'ply  the  divisor  by  this  qiiotient,  and  sid)tract  the  terms  of  the  pro- 
duct from  the  corresponding  terms  of  the  dhidend.  To  -the  re- 
mainder annex  the  next  term  of  the  dividend,  and  divide  as  be- 
fore.    Do  thus  till  the  division  is  complete. 

Or,  Reduce  divisor  and  dividend  each  to  the  lowest  denomina- 
tion in  it,  then  divide,  and  reduce  the  quotient  to  higher  denomina- 
tions. 

Examples  for  Practice. 

2.  Divide  51ft.  8'  by  6ft.  8'.  Ans.  7ft.  9'. 

3.  Divide  57cu.  ft.  10'  2"  by  5ft.  10'.         Ans.  9sq.  ft.  11'. 

4.  The  area  of  a  board  is  23  square  feet,  and  its  breadth  is 
1ft.  6' :  what  is  its  length  ?  Ans.  15ft.  4'. 

5.  A  wood  pile,  containing  3  cords  79cu.  ft.  5'  1"  4'",  is  5ft. 
5'  high,  and  3ft.  4'  broad.     What  is  its  length  ? 

Ans.  25ft.  8'. 

MISCELLANEOUS  EXERCISES  IN  COMMON  FRACTIONS. 

1.  How  many  persons  must  share  12oz.  of  confectionery  so 
that  each  receives  i  of  a  pound  ?  Ans.  6  persons. 

2.  A  piece  of  cloth  was  made  up  into  garments  as  follows  : — 
One  took  2f  yds.,  another  3-1-  yds.,  another  |  of  a  yd.,  another 
4J  yds.,  another  8^  yds.,  another  4*  yds.,  and  another  6|  yds. 
What  was  the  length  of  the  piece,  the  average  quantity  of  cloth 
for  a  garment,  and  the  average  cost  per  garment,  at  the  rate  of 
S6f  per  yard  ?     Ans.  31yds.  lin.  whole  length ;  4i|:gyd.  av. ; 

§29.91,9+  av.  cost.  ^-  ^ 

3.  F.  May  was  1  of  5  heirs  who  shared  equally  862 i  acres  ot 
land;  and  from  his  share  he  sold  to  S.  North  12^  acres,  and  to 
H.  Black  f  of  an  acre,  for  a  house-lot.  How  much  land  had  he 
left?  Ans.  159 A.  32P. 

4.  How  many  times  can  a  box,  lift,  long,  i  of  a  ft.  wide, 
and  yj  of  a  ft.  deep,  be  emptied  into  a  bin  2*ft.  long,  Ifft.  wide, 
and  l|ft.  deep?  x\ns.  8  times. 

5.  What  cost  §  of  a  ton  of  sugar,  at  S8f  per  cwt.  ? 

Ans.  $70. 

6.  C.  Wood  bought  flour,  and  sold  it  at  i  of  a  dollar  per  bbl. 
more  than  he  gave,  thereby  gaining  $180.  How  many  barrel* 
did  he  buy?  Ans.  720  barrels. 

L 
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7.  From  a  bin  of  wheat,  12ft.  4'  long,  5ft.  6'  broad,  and  4ti 
10'  deep,  the  grain  was  sold  1ft.  9'  from  tbe  top.  How  manj 
bushels  remained  ?  Ans.  IGSyJfJIj  bushels. 


8.  What  part  of  an  imperial  gallon  is  a  wine  gallon  U.S. 


Aria       115  5  0  0 

^11&.       Vg^ggTy. 


9.  What  part  of  an  imperial  bushel  is  a  U.S.  bushel  ? 

Ano      537605 

10.  What  number  multiplied  by  9f  produces  34  ? 

Ans.  3^ 

11.  How  much  "richer"  is  John,  who  has  88|  cents,  than 
James,  who  has  18f  cents?  Ans.  4^|  times. 

12.  How  much  advantage  is  there,  in  respect  to  weight,  in 
transportirig  gold  U.S.  coin  instead  of  half-dollars  ? 

Ans.  14||. 

13.  A  copper-mining  company,  having  their  property  repre- 
sented by  6000  shares,  voted  to  represent  it  by  20000  shares. 
What  part  of  an  old  share  was  a  new  one  ?  Ans.   -fj^. 

14.  If  a  lot  has  alront  of  100  feet,  how  far  back  at  right 
angles  must  it  extend  to  contain  an  acre  ?     Ans.  435ft.  7Mn. 

15.  N.  Dayton  and  S.  Ives  shared  equally  a  hogshead  of 
sugar,  containing  16251bs.  Then  Ives  shared  his  part  equally 
with  two  others,  then  sold  ^  of  what  was  left,  at  6^  cents  a  pound. 
What  did  he  receive  ?        ^  Ans.  $8.80,2^2. 

16.  What  is  the  value  of  45  cu.  ft.  9'  8"  7'"  ? 

Ans.  45  cu.  ft.  1399  cu.  in. 

17.  From  a  piece  of  cloth  containing  37|yd.,  there  were  cut 
at  different  times  9|yd.,  6^yd.,  3|yd.,  and  7|yd.  How  much 
remained?  Ans.  lO^^yd. 

18.  At  3|  miles  per  hour,  how  long  will  it  take  to  walk  17| 
miles  ?  Ans.  4hr.  37min.  20se,c. 

19.  How  old  is  Gr.  Ames  compared  with  Wm.  Graham,  the 
former  having  lived  30yr.  8mo.  12da.,  and  the  latter  36yr.  6mo.  ? 

Ans.  |g|  as  old. 

20.  How  many  inch  boards  can  be  sawed  from  the  first  21J 
inches  of  the  breadth  of  a  square  log,  allowing  |  of  an  inch  for 
the  kerf?  Ans.  17. 

21.  What  is  the  difference  between  the  value  of  y'^y  of  a  ton 
-j-  ^J  of  a  cwt.  and  that  of  |  of  a  ton  —  -f  of  a  cwt.  ? 

Ans.  6cwt.  Sqr.  51b. 

22.  Bought  a  piece  of  cloth  for  $96,  and,  it  getting  damaged, 
I  sold  it  for  I  of  the  cost,  thereby  losing  82  per  yd.  How  many 
yards  were  in  the  piece  ?  Ans.  18  yards. 
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CHAPTER  XIL 

DECIMAL  FRACTIONS. 

Art.  141.  Decimal  Fractions  are  those  fractions  which  ex- 
press the  division  of  the  unit  by  ten,  or  by  the  product  of  two  or 
more  tens.  Thus,  1-^10  =  ^^)  1  --  10  X  10  =  j^o ;  ^  "^ 
10  X  10  X  10=  Woo5&c. 

It  is  manifest  that 

TO   ==  TO    of    1  •    THTJ  =  l\    of    tV  :    To'o(J  =  T 0     ^^    lU  '    ^^ 

which  we  see  that  a  fraction  expresses  ten  times  less  vame  at 
every  annexing  of  a  cipher  to  its  denominator.  So  does  a  figure 
in  the  xirabic  Notation,  every  time  it  is  written  one  figure's  place 
toward  the  right.  Therefore  it  is  possible  to  dispense  with  the 
denominator  of  a  decimal  fraction,  and  to  express  its  value  hi/ 
the  place  of  the  numerator,  as  follows  : 

„^^    ^    -  „  „  Hence  the  numerators  of 

^^^  "^  i"!;  ^^^    !;■  decimal  fractions  are  usually 

written  as  the  continuation 
j^ij  of   a  whole  number  to   the 

_9  right,    and    separated    from 

9 the  whole  number  by  a  point 

\1V^       called  a  decimal  jjoint  or  sepa- 
lOOlJiy     ratrix.    Such  a  form  of  frac- 
*^*         tion  is  called  a  decimal. 

NUMERATION  TABLE  OF  DECIMAL  FRACTIONS. 


90- 

-10=    9. 

9- 

-  10  =      .9        = 

.9- 

-  10  =      .09      = 

.09- 

-10=      .009    = 

009- 

-  10  =      .0009  = 

i&C.          &c.         &c. 

i   .11  il 

.8 

is  read 

8  tenths. 

.7  8 

78  hundredths. 

.678 

678  thousandths. 

.5678 

5678  ten  thousandths. 

.45678 

45678  hundred  thousandths. 

.345678 

345678  millionths. 

.2345678 

2345678  ten  millionths. 

.12345678 

12345678  hundred  millionths. 

Questions.— 141.  What  are  decimal  fractions?  How  -are  they  usually 
written  ?  Why  ?  What  is  the  decimal  point  ?  Name  the  fractional  placed 
from  tenths  toward  the  right. 
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Art.  14^.  Since  a  figure  i^  the  first  place  to  tlie  right  of 
units  expresses  tenths,  and  in  the  second  place  tenths  of  tenths, 
or  hundredths,  &c.,  it  follows  that  a  figure  expresses  ten  times  less 
value  every  time  it  is  placed  at  the  right  of  one  more  figure. 
Therefore  ciphers  placed  between  the  separatrix  and  any  figure 
of  a  decimal  fraction  affect  its  value. 

Since  /_  =^  _2_(L  =  M^^  &c.,  it  follows  that  .2  =  .20_  =  .200, 
Since  annexing  a  cipher  to  a  decimal  fraction  multiplies  its 
numerator  by  10,  and  at  the  same  time  so  increases  its  number 
of  places  that  it  expresses  10  times  its  former  denominator,  it 
follows  that  ciphers  on  the  right  of  a  decimal  fraction  do  not 
affect  its  value.     (See  Art.  103.) 

Al't.  143.     To  read  decimal  fractions. 

KuLE. — Reckon  from  the  decimal  point  and  find' the  name  of 
the  place  of  the  last  right-hand  figure  :  then  read  the  fraction  as 
a  whole  number  of  that  name. 

Illustratiox. — 5.042  is  not  read  5  ajid  4  hundredths  and  2  thou- 
sandths  ;  but,  5  and  42  thousandths. 

Pronounce,  or  write  in  words,  the  following  numbers. 


1. 

.6 

6. 

.06084 

11. 

.0050067 

2. 

.35 

7. 

9.10025 

12. 

3.10050062 

3. 

,07 

8. 

35.024061 

13. 

.008010435 

4. 

.409 

9. 

4.000019 

14. 

6.310062093 

5. 

.0048 

10. 

1.101202 

15. 

.587443651 

> 


Art.  144:.     To  write  decimal  fractions. 

Rule. —  Write  the  decimal  as  a  lohole  number;  then,  if  neces- 
sary, prefix  as  Tnany  ciphers  as  will  TJiake  its  right-haiid  figure 
occupy  the  place  whose  name  is  expressed  by  the  fraction.  Place 
(he  decimal  point  at  the  left  of  this  arrangement. 

Illustration. — To  "write  ybi^r  hundred^and  five  ten  thousandths,  we 
first  write  405  ;  then,  on  reekoning,  we  see  that  the  5  must  be  in  the 
fourth  place  from  the  decimal  point  to  express  ten  thousandths. 
Hence  we  prefix  a  cipher,  making  .0405. 

Write  in  figures  the  following  numbers. 
1.  Sixteen,  and  thirty-five  hundredths. 

Questions. — 142,  Do  ciphers  written  between  the  decimal  point  and  a  figure 
affect  the  value  of  the  figure  ?  Show  it.  Does  a  cipher  annexed  affect  the  value 
of  a  decimal  ?  Prove  it. — 143.  How  do  we  read  decimal  fractions  ?— 144.  How 
do  we  write  decimal  fractions  ? 
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2.  Eight,  and  eight  tenths. 

3.  Twelve,  and  four  thousandths. 

4.  One  hundred  five  ten-thousandths. 

5.  One,  and  five  ten-thousandths. 

6.  Fourteen  hundred-thousandths. 

7.  Six  hundred  seventy-two  hundred-thousandths. 

8.  Fifteen  thousand  twenty-four  millionths. 

9.  Fifteen  thousand,  and  twenty-four  millionths. 

10.  Nine  hundred  five  ten-niillionths. 

11.  Nine  hundred  and  five  ten-millionths 

12.  Six  thousand  six  hundred-millionths. 

13.  Six  thousand,  and  six  thousandths. 

14.  One-hundred-one  thousand  one-hundred-one  millionths. 

15.  One  hundred  and  one  thousand,  and  one-hundred-one  mil- 
lionths. 

Art.  14:^.  In  United  States  Money  the  dollars  form  the 
integer  of  the  number,  and  the  cents  and  mills  the  decimal  por- 
tion :  because  the  dimes  are  tenths  of  a  dollar,  the  cents  tenths  of 
a  dime,  and  the  mills  tenths  of  a  cent. 

Hence  a  number  in  United  States  Money  can  be  expressed 
decimally.  Also  figures  on  the  right  of  mills  can  be  expressed 
as  decimals  of  a  mill,  because  their  decimal  notation  corresponds 
with  that  of  United  States  i>Ioney. 

Ex.  1.  $2.09  :=  Two  dollars  and  9  hundredths  of  a  dollar. 
Ex.  2.  $1,045  =  One  dollar  and  45  thousandths  of  a  dollar. 
Ex.  8.  $9.2584  =  Nine  dollars,  25  cents,  8  mills,  and  4  tenths 
of  a  mill,  or  89  and  2584  ten-thousandths  of  a  dollar. 


Ex.  4.  $4.0126 

1  Ex.  7.  $2.01625 

Ex.  5.  $0.1875 

Ex.  8.  $9.0995482 

Ex.  6.  $8.10 

Ex.  9.  $7.00125. 

ADDITION  OF  DECBIALS. 
Al't.  14:6.     To  find  the  sum  of  two  or  more  decimals. 

Ex.  1.  What  is  the  sum  of  64.012,  8.98,  281.00865,  .308, 
and  .00309  ?  Ans.  349.30674. 


Qt>estions. — 145.  How  can    United    States   Money  be  expressed?    Why? 
llow  can  figures  on  the  right  of  mills  be  expressed  ?     Why  ? 
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Written  Process.  -  Mental  Process. 

6  4.0 1 2  Since  the  figures  to  be  added  must  express  the  same 

3.98  parts  of  a  unit,  the  decimal  points  of  the  numbers  are 

281  00365     arranged  in  a  column,  so  as  to  cause  the  like  denomi- 

'o  Q  Q  nations  in  the  different  numbers  to  form  separate 

O  0  Q  n  Q     columns.     The  sum  of  the  right  column  is  y^o  o TT^y* 

.UUdUy     ^hich  equals  y^^^^  +  TUii^tTTy     Write  the  4  and 

carry  the  1.      So   add   and   carry  through   all  the 

349.30674     columns,  as  in  whole   numbers.     The   sum  of  the 

tenths  is  13,  which  equals  1  unit  and  3  tenths.     Write  the  3  tenths, 

and  carry  the  1  unit  to  the  column  of  units.     Hence  no  change  is 

necessary  in  continuing^  the  addition  from  the  decimal  to  the  integer. 

Rule. —  Write  the  numbers  so  that  figures  of  the  same  denomi- 
nation shall  form  a  column. 

Add  as  in  simple  numbers,  and  put  the  decimal  point  of  the 
result  so  that  there  shall  be  as  many  decimal  places  as  eqiial  the 
greatest  number  of  decimal  places  in  any  of  the  numbers  added 

Proof. — To  detect  error,  carefully  review  the  work. 

Examples  for  Practice. 

2.  What  is  tlie  sum  of  5.031,  .0297,  .06,  .9,  and  18.098  ? 

Ans.  24.1187. 

3.  What  is  the  sum  of  143.148,  6.06,  17.0017,  8.00206,  and 
.000259?  Ans.  174.207019. 

4.  What  is  the  sum  of  48.1,  .0481,  4.81,  .00481,  .481,  and 
481?  Ans.  534.44391. 

5.  What  is  the  sum  of  .5692,  .05692,  0.005692,  5.692,  56.92, 
569.2,  and  5692  ?  Ans.  6324.443812. 

6.  Add  three  hundred  twenty-eight  and  eight  thousandths; 
thirty-two,  and  eight  thousand  eight  ten-thousandths ;  three  thou- 
sand two  hundred  eighty,  and  eight  hundredths ;  and  thirty-two 
thousand  eight  hundred  with  the  decimal  eight  tenths. 

Ans.  36441.6888. 

7.  Add  sixty-three  with  the  decimal  ninety-five  millionths ; 
two  hundred  twenty-four,  with  the  decimal  eighty-four  hundred- 
thousandths;  seven  with  the  decimal  seventy-three  ten-thou- 
sandths ;  forty-five  with  the  decimal  sixty-two  thousandths ;  nine 
with  the  decimal  eighty-eight  hundredths ;  and  nine  tenths. 

Ans.  349.850235. 

8.  Add  1001  hundred-thousandths;  45  million;  45  millionths; 
17  thousand ;  17  thousandths ;  8  hundred ;  8  hundredths ;  9 
tens ;  9  tenths ;  and  5.  Ans.  45017896.007055      - 

QuKSTroN. — 146.  How  do  we  find  tho  sum  of  two  or  more  decimals? 
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SUBTRACTION  OF  DECIMLS. 

Art.  14rT.     To  subtract  one  decimal  from  another. 

Ex.  1.  From  13.25  take  8.375.  Ans.  4.875. 

Written  Process.  Mental  Process. 

13.25  Since  the  denomination  of  the  subtrahend   must  be 

8.3  7  5     ^^^®  \h^i  of  the  minuend,  the  decimal  point  of  the  subtra- 

hend  is  placed  under  that  of  the  minuend,  so  as  to  cause 

AO'q^     tenths  to  be  under  tenths,  hundredths  under  hundredths, 
&c.    Then  say,  5  from  0  impossible  ;  add  10.     Then  5 
from  10  leaves  5.     Write  5  and  carry  1  to  7,  making  8.    Continue  thus 
through  the  whole. 

Rule. —  Write  each  figure  of  the  less  number  under  the  figure 
or  place  of  the  same  denomination  in  the  greater. 

Subtract  as  in  simple  numbers,  and  put  the  decimal  point  of 
the  result  as  in  addition  of  decimals. 

Proof. — To  detect  error,  proceed  as  in  proving  subtraction  of 
simple  numbers. 

Examples  for  Practice. 
(2.)  (3.)  (4.)  (5.) 

28.015        52.163  6.08  345.607 

9.19  8.00846  5.7931  44.5947 


18.825        44.15454  .2869  301.0123 

6.  From  1  take  .0181.  Ans.  .9819. 

7.  From  181  take  .0001.  Ans,  180.9999. 

8.  From  1  take  .1.  Ans.  .9. 

9.  From  10  take  .01.  Ans.  9.99. 

10.  From  300  take  .003.  Ans.  299.997. 

11.  From  4567  take  .7654.  Ans.  4566.2346. 

12.  From  two  hundred  seventy-nine  with  the  decimal  three 
hundred  fifty-eight  millionths,  take  eighty-eight  with  the  deci- 
mal twenty-five  thousand  seven  hundred  sixty-nine  millionths. 

Ans.  190.974589. 
13'  From  one  thousand  seven  hundred  and  seven,  with  the 
decimal  five  thousand  and   nine  hundred-millionths,  take  nine 
hundred  and  forty-nine,  with  the  decimal  five  thousand  and  nine 
hundred-thousandths.  Ans.  757.94996009. 


QtTBSTiON. — 147.  How  do  we  subtract  one  decimal  from  another  f 
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MULTIPLICATION  OF  DECIMALS. 

Art.  148.  To  multiply  a  decimal  by  a  decimal  or  an  in- 
teger. 

Ex.  1.  Multiply  .75  by  .3.  Ans.  .225. 

Written  Process.  Mental  Process. 

.75  Since  in  common  fractions  ^^^  X  _t%  =  i^Viy  "^hicb 

3  is  equal  to  .225  in  decimals,  it  is  plain  tbat  in  decimal 

^^        fractions  .75  X  .3  =  .225. 

Ex.  2.  Multiply  1.03  by  .004.  Ans.  .00412. 

Written  Process.  Demonstration. 

1.03  1.03=  in  +  T!T)  =  TO 

.004  m  X  Tu^^^  =  TuWac  =  .00412 

.00412 
Ex.  3.  Multiply  7.28  by  12.  Ans.  87.36. 

Demonstration.— 7.28  X  12  =  H§  X  12  =  %^  =  87.36. 
Ex.  4.  Multiply  6.5129  by  10.     By  100. 

Ans.  65.129  and  651.29. 

Demonstration.— 6.5129  X  10  =  f fH!  X  10  =  VoVW  =  65.1290 
=  65.129.  6.5129  X  100  =  ^m  X  100  =  mU^  =  651.2900 
=  651.29.     (See  Note  2.)  ^ 

Rule. — Multiply  as  in  simple  numbers,  and  point  off,  if 
possible,  from  the  right  of  the  product,  as  many  figures  for 
decimals,  as  there  are  decimal  places  in  both  factors.  When 
there  are  not  so  many  figures  in  the  product,  prefix  ciphers  to 
supply  the  deficiency. 

Note  1. — After  fixing  the  decimal  point,  it  is  best  to  erase  the  right- 
hand  ciphers  of  the  decimal  part  of  the  product,  and  the  left-hand 
ciphers  of  its  integral  part,  since  they  do  not  affect  its  vaRie. 

Note  2. — To  multiply  by  1  with  a  cipher  or  ciphers  annexed,  remove 
the  decimal  point  of  the  multiplicand  as  many  places  toward  the  right, 
as  there  are  ciphers  in  the  multiplier.  If  there  are  not  enough  figures 
in  the  number  for  this,  annex  ciphers  to  supply  the  deficiency. 

Proof. — ^To  detect  error,  proceed  as  in  proving  multiplication 
of  simple  numbers. 

QuBSTiONrf. — 148.  How  do  we  multiply  a  decimal  by  a  decimal  or  an  integer? 
How  by  1  with  ciphers  annexed  ?    What  should  be  done  with  the  right-han 
ciphers  of  the  product  ? 
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Examples  for  Practice. 


(5.) 

8.62 
4 

34.48 


(9.) 
492.875 
.08 

39.43 


(6.) 

90.608 
5 

453.04 
(10.) 
.0125 


(7.) 
12.98175 
4 

51.927 
(11.) 
.0125 

80 


(8.) 

492.875 
80 


39430. 
(12.) 
40.4 
.5 


.1 


20.2 


Ans. 


Ans.  47.4. 

.45636138. 

Ans.  324. 

Ans.  .00001598. 

Ans.  .070280262. 

Ans.  6.2853. 


Ans.  8700. 

Ans.  .000000002844. 
Ans.  834.21875. 


13.  Multiply  18.96  by  2.5. 

14.  Multiply  8.00634  by  .057. 

15.  Multiply  1800  by  .18. 

16.  Multiply  .00235  by  .0068. 

17.  Multiply  9.01029  by  .0078. 

18.  Multiply  .0062853  by  1000. 

19.  Multiply  .1462935  by  10000. 

20.  IMultiply  .001  by  1000. 

21.  Multiply  .87  by  10000. 

22.  Multiply  .123  by  100000. 

23.  Multiply  .000079  by  .000036. 

24.  Multiply  S45.625  by  .75. 

25.  How  many  dollars  are  479  thousandths  of  S75625.12,5  ? 

Ans.  836224.43,4,875. 

26.  C.  Rich,  worth  $185725,  is  taxed  /_  of  a  mill  on  a  dollar, 
for  the  poor.     How  much  is  his  poor-tax  ?      Ans.  $55.71,7,5. 

27.  B.  Poore,  worth  $275,  is  taxed  7y%  mills  on  a  dollar,  for 
school-purposes.     How  much  is  his  school-tax  ? 

Ans.  $2.06,2,5. 

28.  What  cost  15.751bs.  of  raisins,  at  $0.18,75  per  lb.  ? 

^'    Ans.  $2.95,3,125. 

Art.  149.  Since  those  figures  of  a  decimal  fraction,  which 
are  beyond  the  eighth  or  tenth  decimal  place,  express  a  very 
small  value,  it  is  customary  to  neglect  them  in  products.  For 
most  purposes,  a  decimal  of  four  or  five  places  is  sufiiciently 
accurate.  If,  therefore,  the  factors  are  decimals  of  many  places, 
and  a  few  only  are  required  in  the  product,  it  is  desirable  to 
omit  all  computation  whose  results  do  not  appear  in  the  product 


170   CONTRACTION    IN   MULTIPLICATION    OF   DECIMALS. 
CONTRACTION  IN  MULTIPLICATION  OF  DECIMALS. 

Art.  150.  To  multiply  one  decimal  by  another^  so  as  to 
produce  a  required  number  of  decimal  places,  without  unneces- 
sary labor. 

Ex.  1.  Multiply  4.57243  by  2^618,  retaining  four  decimal 
places  in  tbe  product 

Common  Process. 


Short  Process. 


4.57243 
2.9618 


4.5724 
2. 


3 

9618 


36 

57944 

45 

7243 

2743 

458 

41151 

87 

91448 

6 

91448 

6 

41151 

8 

2743 

4 

45 

7 

36 

5 

13.5426123174       13.5426 


Ans.  13.5426. 
Explanation. 

By  inspecting  these 
processes,  we  see  that 
the  partial  products 
are,  as  far  as  they  go, 
in  the  short  process, 
the  same  as  in  the 
common,  only  their 
order  is  reversed.  The 
short  method  is  ex- 
plained by  the 

Rule. — Draw  a  line  so  that  as  many  decimal  places  of  the 
multiplicand  shall  he  on  the  left  of  the  line  as  there  are  decimal 
places  required,  in  the  product.  If  there  are  not  so  many  decimal 
places  in  the  multiplicand^  supply  the  deficiency  with  ciphers. 

Write  the  m^ultiplier  under  the  multiplicand,  so  that  its  place 
of  units  shall  be  next  left  of  the  line. 

Beginning  at  the  left  of  the  multiplier,  form  the  partial  pro- 
ducts by  starting  tuith  that  figure  of  tlie  multiplicand  vjhich  is  as 
many  places  from  the  line  on  one  side  as  the  figure  by  which  you 
multiply  is  on  the  other  side. 

After  adding  in  the  figure  that  must  be  carried  from  the  pro- 
duct of  the  figure  in  the  next  lower  place  of  the  multiplicandj 
write  the  first  figure  of  each  partial  product  on  the  right  of  the 
line,  and  the  other  figures  in  order  on  the  left. 

Add  the  partial  products  ;  reject  the  units  in  the  sum  of  the 
column  on  the  right  of  the  line,  but  carry  its  tens  ;  and  point  off 
the  required  number  of  decimal  places  from  the  figures  on  the  left 
of  it. 

Examples  for  Practice. 

2.  Find  the  product  of  4.57243  by  222.9618,  true  to  four 
decimals.  Ans.  1019.4772. 


Questions. — 149.  How  many  decimal  places  are  usually  retained  in  pro- 
ducts ?  Why?  What  is  desirable  in  multiplying  decimals? — 150.  How  do  wo 
produce  a  required  number  of  decimal  places  without  unnecessary  I  "or? 
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Written  Process 

4.5724 

300 

222. 

9618 

9144860 

0 

914486 

0 

91448 

6 

41151 

8 

2743 

4 

45 

7 

36 

5 

1019.4772 

Explanation. 
In  this  case,  to  carry  out  the 
rule,  we  make,  with  ciphers,  as 
many  decimal  places  in  the  mul- 
tiplicand as  there  are  integral 
figures  in  the  multiplier. 


3.  What  is  the  product  of  8.00634  by  .057,  true  to  three 
places  of  decimals  ?  Ans.  .456. 

4.  What  is  the  product  of  .03687  by  83.649,  true  to^five 
places  of  decimals  ?  Ans.  3.08413. 

5.  What  is  the  product  of  .04683  by  210.735,  true  to  two 
places  of  decimals  ?  Ans.  9.86. 

6.  What  is  the  product  of  11.23674  by  112.3674,  true  to  three 
places  of  decimals  ?  Ans.  1262.643. 

DIVISION  OF  DECIMALS. 

Art.  151.     To  divide  a  decimal  by  .^  decimal,  a  decimal  by 
an  integer,  or  an  integer  by  a  decimal. 

Ex.  1.  Divide  17.28  by  1.2.  Ans.  14.4. 

Written  Process.  Mental  Process. 

1.2 )  1 7.2  8  Since,  in  common  fractions,  VV^s  ^  i§  =  VW 

— — —  XH=  VW  =  I'WcT  =  14t^  =  14.4,  it  is  plain 

^'*'*         that,  in  decimal  fractions,  17.28  ^  1.2  =■  14.4. 

Ex.  2.  Divide  .576  by  9.6.  Ans.  .06. 

Written  Process.  Demonstration. 

/uVV  ^  f §  =  m'u  XU=  ^M  =  ih  =  .06. 


9.6).576(.06 
576 


ik^ns.  4101. 


Ex.  3.  Divide  492.12  by  .12. 
Written  Process.  Demonstrat^I.  , 

.1 2)492.12  4|| j2  _^ ^2^  =  49212 -r- 12  =  4101. 

4101 
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Ex.  4.  Divide  246  by  .06.  Ans.  4100. 

Written  Process.  Demonstration. 

•06)246.00  246-^-r§^  =  246X  ^^^  ^*r''  =  4100. 

4100 
Ex.  5.  Divide  34.571  by  .06.  ^^  Ans.  576.183+. 

Written  Process.  ...  i*  Remark. 

.06)34.57100  '^his  process  is  like  that  in  Ex.  4,  ex- 

rjr>  -I  oo  ,  cept  that,  by  annexing  ciphers,  new  deci- 

'  O'-^-o^-f-  jjiai  places  are  made  in  the  dividend,  in 

order  to  continue  the  division,  when  there  is  a  remainder. 

Ex.  6.  Divide  624.25  by  100.  Ans.  6.2425. 

Demonstration.— 6fff^  -^  100  =  f f ^§f  =  6.2425.     (See  Note  3.) 

Rule. — Divide  as  in  dmjple  numbers,  and  point  off,  if  possible, 
as  many  figures  from  the  right  of  the  quotient,  for  decimals,  as  the 
decimal  places  of  the  dividend  exceed  those  of  the  divisor.  When, 
there  are  not  so  many  figures  in  the  quotient,  prefix  ciphers  to 
$upply  the  deficiency. 

Note  1. — When  there  are  not  so  many  decimal  places  in  the  dividend 
as  in  the  divisor,  make  them  as  many  by  annexing  ciphers.  The  quotient 
is  then  a  whole  number. 

Note  2. — When  there  is  a  remainder,  to  approximate  the  true  answer, 
annex  ciphers  as  decimals  to  the  dividend,  and  continue  the  division.  If 
a  perfect  quotient  is  not  thus  obtained,  annex  -f-  to  it,  to  signify  that  the 
quotient  is  not  complete. 

Note  3. — To  divide  by  1  with  a  cipher  or  ciphers  annexed,  remove  th-e 
decimal  point  of  the  dividend  as  many  places  toward  the  left,  as  there 
are  ciphers  in  the  divisor.  If  there  are  not  enough  figures  in  the  number 
for  this,  prefix  ciphers  to  supply  the  deficiency. 

Proof. — To  detect  error,  proceed  as  in  proving  division  of 
simple  numbers. 

Examples  for  Practice. 

7.  Divide  34.48  by  4.  Ans.  8.62 

8.  Divide  72.108  by  9.  Ans.  8.012. 

9.  Divide  299.04  by  48.  Ans.  6.23. 

10.  Divide  14.402  by  3.8.     '  Ans.  3.79. 

11.  Divide  478.3212  by  37.8.  Ans.  12.654. 


Questions. — 151.  What  is  the  rule  for  division  of  decimals  ?  When  there 
are  not  so  many  decimals  in  dividend  as  divisor?  When  there  is  a  remainder? 
When  the  divisor  ia  1  with  a  cipher  or  ciphera  annexed  1 
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12.  Divide  .070280262  by  .0078.  Ans..  9.01029. 

13.  Divide  6.51168  by  77.52.  Ans.  .084. 

14.  Divide  .017325  by  6.93.  Ans.  .0025. 

15.  Divide  .00001598  by  .0068.  Ans    .00235. 

16.  Divide  396.267  by  5.743.  Ans.  69. 

17.  Divide  294  by  6.125.  Ans.  48. 

18.  Divide  312.9  by  84.  Ans.  3.725. 

19.  Divide  52.0061  by  3.7.  Ans.  14.0557+. 

20.  Divide  98.3209  by  5.4.    .  Ans.  18.2075744-. 

21.  Divide  1000  by  .001.  Ans.  100000*0. 

22.  Divide  .001  by  1000.  Ans.  .000001. 

23.  Divide  75631.21  by  10000. 

24.  Divide  840.39  by  100000. 

25.  Divide  twelve  hundred  by  four  milliontbs. 

Ans.  300000000. 

26.  If  a  man  pays  $151.25  tax,  when  the  tax  is  6j^q  mills  on 
a  dollar,  what  amount  of  his  property  is  taxed  ? 

Ans.  $27500. 

CONTRACTION  IN  DIVISION  OF  DECDIALS. 

Art.  \52,  To  divide  one  decimal  by  another,  so  as  to  pro- 
duce a  required  number  of  decimal  places,  without  unnecessary 
labor. 

Ex.  1.  Divide  19.40846225918  by  5.6142495,  retaining  three 
decimal  places  in  the  quotient.  Ans.  3.457. 

Common  Process. 

5.6142495)19.40846225918(3.457 

168427485 

9  r/:>r»j-j  qrrpi  ShORT    PrOCESS. 

224569980  5.614)19.408(3.457 
16843 


320013959 
280712475 


393014841 
392997465 


2565 
2245 


320 
281 
17376  -^ 

39 


Question. — 152.  How  do  we  contract  dirision  of  decimals? 
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Rule. —  To  find  the  first  quotient  figure,  divide  hy  as  iniany 
of  the  left-hand  figures  of  the  divisor,  as  equal  the  number  of 
quotient  figures  required.  If  there  are  not  so  many  figures  in 
the  divisor,  annex  decimal  ciphers  to  supply  the  deficiency. 

Annex  no  new  figure  to  any  remainder,  hut,  at  each  new 
division,  use  the  divisor  riext  preceding  it,  except  its  right-hand 
figure. 

To  the  right-hand  figure  of  the  product  of  such  divisor  hy  a 
quotient  figure,  add  the  figure  to  he  carried  from  the  product  of 
the  rejected  figures;  also  add  1,  if  the  other  figure  of  this  pro- 
duct  is  5  or  more.  Thus  continue  till  no  figure  is  left  for  a 
divisor :  then  point  off  the  quotient  as  required. 

Examples  for  Practice. 

2.  Divide  133.056032983  by  9.1836,  to  five  decimal  places 

Ans.  14.48843. 

3.  Divide  49.3142536  by  31.42,  to  four  decimal  places. 

Ans.  1.5695 

4.  .Divide  84.56  by  8.567,  to  three  decimal  places. 

Ans.  9.870 

REDUCTION   OF   DECIMALS. 
Case  I. 
Art.  1^3.     To  reduce  a  decimal  to  a  common  fraction. 
Ex.  1.  Reduce  .0625  to  a  common  fraction. 
Process  Indicated.  .0625  =  y^fJo  =  tV  -^^S- 

Rule. — Erase  the  decimal  point,  and  express  the  decimr'  '^s 
a  whole  number  :  then  write  the  denominator  under  it  and  red»*ce 
the  fraction,  thus  made,  to  lowest  terms. 

Examples  for  Practice. 

2.  Express  .5  as  a  common  fraction  in  lowest  terms 

Ans.  ^ 

3.  What  is  the  value  of  .75?  Ans.  | 

4.  Whatis  the  value  of  .625?  Ans.  | 

5.  What  part  of  a  dollar  is  $0.87,5?  Ans.  J 

6.  Reduce  .415  to  a  common  fraction.  Ans.  3%% 

7.  Reduce  .21875  to  a  common  fraction.  Ans.  -g"^ 

8.  Reduce  .4453125  to  a  common  fraction.  Ans.  -f^-^ 


QuBSTiON. — 153.  How  do  we  reduce  a  decimal  to  a  common  fraction  T 
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Note. — To  estimate  approximately  the  value  of  a  decimal,  take  ih  iirst 
two  or  three  figures  and  reduce  them  as  above.' 

Thus,  .50123  is  nearly  J;   .74991  is  nearly  f ,  &c. 

Case  II. 
Art.  154.     To  reduce  a  common  fraction  to  a  decimal 
Ex.  1.  Reduce  J  to  a  decimal.  Ans.  .871 

Written  Process.  Mental  Process. 

8  )  7.000  The  fraction  |  expresses  the  division  of  7  by 

8.     To  effect  this,  we  proceed  as  in  divisioi?  of 

g'j'^  decimals,  annexing  ciphers  as  decimals,  and 

continuing  the  division  till  a  perfect  or  sufficient 
quotient  is  obtained. 

Rule. — Annex  ciphers  as  decimals  to  the  numerator,  and 
divide  this  result  hy  the  denominator. 

Examples  for  Practice. 

2.  Reduce  y^g  to  a  decimal.  Ans.  .562>5. 

3.  Reduce  |^  to  a  decimal.  Ans.  .65625. 

4.  Reduce  ^^|o  ^^  ^  decimal.  Ans.  .0215. 

5.  Reduce  ^f^  to  a  decimal.  Ans.  .01953125. 

6.  Reduce  ^^  to  a  decimal.  Ans.  .4117647058-)-. 

7.  Reduce  J|  to  a  decimal.  Ans.  .761904 -f-. 

A.Ft.  lo5.  A  circulating^  or  periodical  decimal  is  a  decimal 
whose  figures  are  repetitions  of  the  same  figure  or  figures. 

A  repetend  is  the  figure,  or  set  of  figures^  whose  repetitions 
compose  the  periodical  decimal. 

Periodical  decimals  are  denoted  by  a  dot  over  the  figure  of 
the  repetend,  if  single,  or  over  the  first  and  last  figures,  if  more 
than  one.  Thus,  .3333-f-  is  denoted  by  .3;  .727272-f,  is  de- 
noted by  .72;  and  .001001-}-  is  denoted  by  .OOl. 

Ex.  1.  Express  |^  as  a  decimal.  Ans.  .270. 

2.  Express  i|  as  a  decimal.  Ans.  .186. 

3.  Express  ^^y  as  a  decimal.  Ans.  .380952. 
A  mixed  repetend  is  a  decimal  whose  first  portion  is  not  a 

repetend,  and  is  followed  by  a  repetend.     Thus  .186  is  a  mixed 
repetend,  being  equal  to  .186666664-. 

Questions. — 154.  How  do  we  reduce  a  common  fraction  to  a  decimal  ? — 155. 
What  is  a  circulating  or  periodical  decimal  ?  A  repetend  ?  How  are 
periodical  decimals  denoted  ?     What  is  a  mixed  repetend  ? 


176  REDUCTION   OF   DECIMALS. 

A  repetend  can  be  expressed  as  a  common  fraction,  by  writing 
for  a  denominator  as  many  nines  a>s  the  repetend  has  figures. 

Ex.  1.  .3  =  |  =  |. 

O       k  6    2 

_.     .D  -g    3. 

3.  .135  =  lii  =  /^. 

4.  .761904  =  lUiU  =  il 

18f  • 

fv   -\Q.a   16  8  14 

100 

927 
A   0997  — '■     225  1 

100 

4.745   47  A. 

7   4.74.  f^ 5  22  26  1 

100    100 

8.  .016994266  = =  ^ff^. 

1000 

Case  III. 

Art.  156»     To  reduce  a  denominate  number  to  the  decimal 
of  a  higher  denomination. 

Ex.  1.  What  decimal  of  a  pound  Troy  are  144gr.  ? 

Ans.  .025. 
First  Process  Indicated.  Explanation. 

144grs.  =  ,VV,  of  a  lb.  Troy  =  .025  J"?3-%*renLT"to  'a 

decimal  by  Art.  154. 


Mental  Process. 
Since   Igr.  =  ^\  of  a  pwt.  144gr8.  =  '^^  of  a 
pwt.  =  6pwt.     Since  Ipwt.  is  -^^  of  an  oz.,  6  pwts. 
=  A%  of  an  oz.  =  .3oz.  Since  loz.  is  -^^  of  a  lb.,  .3oz. 
is  .3  X  tV  of  a  lb.  =  .0251b. 

.025 
E:?c.  2.  What  decimal  of  a  £  are  7s.  9d.  3qr.? 

Ans.  .390625. 

QuESTios  -155.  How  can  a  repetend  be  exproesed  as  a  common  fraotion  ? 


Second  Process. 

24)144 

20)6. 

12). 3 
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First  Process  Indicated, 
7s.  9d.  3qr.  =  375qrs.  =  ||5  of  a  £  =  .390625  of  a  X. 
Second  Process. 


4 
12 

20 


3. 

Explanation. 

9.75  In  this  process,  we  arrange  the  numbers  verti- 

cally,  placing  that  of  the  lowest  denomination  at 

7.8 12  5  t^6  top-     Then  we  reason  and  divide  as  in  Ex.  1. 


.390625 


Rule. — If  the  denominate  number  is  simple,  divide  it  hy  that 
number  of  its  kind,  which  makes  one  of  the  required  denomina- 
tion :  if  it  is  compound,  reduce  it  to  its  lowest  denomination^ 
and  then  divide  as  aforesaid;  or, 

Divide  the  lowest  denomination  by  that  number  luhich  mahes 
one  of  the  next  higher.  Write  the  quotient  as  a  decimal  to  the 
given  number  of  this  next  higher  denomination.  So  continue  till 
the  result  is  of  the  denomination  required. 

Note. — One  compound  number  may  be  divided  by  another,  by  first 
reducina;  them  to  a  mixed  decimal  of  the  same  denomination.  Thus, 
(£65  19s.  lid.  Iqr.)  -=-  (£9  8s.  6d.  3qr.)  =  £65.996875  ^  £9.428125. 
See  Art.  91,  Ex.  1. 

Examples  for  Practice. 

3.  Reduce  13cwt.  3qr.  151b.  to  tbe  decimal  of  a  ton. 

Ans.  .695. 

4.  Reduce  24rd.  to  tbe  decimal  of  a  league.         Ans.  .025. 

5.  Reduce  3fur.  32rd.  8ft.  3in.  to  the  decimal  of  a  mile. 

Ans.  .4765625. 

6.  Reduce  3R.  24P.  136  sq.  ft.  36  sq.  in.  to  the  decimal  of  an 
xcre.  Ans.  .903127869+. 

Case  IY. 

Art.  157.  To  find  the  value  of  a  denominate  decimal  in 
whole  numbers. 

Ex.  1.  "What  is  the  value  of  .390625  of  a  £? 

Ans.  7s.  9d.  3qr. 

Question. — 156.  How  do  we  reduce  a  denominate  number  to  the  decimal  of 
a  hi^^lier  denomiuaiion  ? 
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"Written  Process. 
390625 

20  Mental  Process. 

Since  20s.  make  £1,  .390625  of  £1  =  .390625 

7.8 1 2  5  0  0  s.        of  20s.  =  7.8125  shillings.     Since  12d..  make  Is., 

12  .8125  of  a  shilling  =  .8125  of  12d.  =  9.75d. 

Since  4qrs.  make  1  penny,  .75  of  1  penny  =  .75 

9.7500  d.         ^^  4qrs.   =    3qi-s.      Hence    the   answer   is   78. 

'    ^  '        9d.  3qr. 

3.00  qr. 

KuLE. — Multiply  the  given  decimal  hy  that  number  of  th( 
next  lower  denomination  which  makes  one  of  the  given  denomi- 
nation. Midtiply  the  decimal  part  of  this  product  in  the  same 
manner,  and  so  continue  till  the  operation  is  complete.  JTht 
integers^  on  the  left  of  the  successive  products,  form  the  answer. 

Examples  for  Practice. 

2.  What  is  the  value  of  .0432  of  a  mile? 

Ans.  13rd.  13ft.  7yy>jin. 

3.  What  is  the  value  of  .7913  of  an  acre? 

Ans.  3R.  6P.  165  sq.  ft.  76-pi^  in. 

4.  What  is  the  value  of  .9035  of  a  cu.  yd.? 

Ans.  24  cu.  ft.  eSljy^  cu.  in. 

5.  What  is  the  value  of  .6977  of  a  mile  ? 

Ans.  55ch.  3p.  6|li. 

6.  What  is  the  value  of  .6789  of  a  lb.  Troy? 

Ans.  8oz.  2pwt.  22.464grs. 

7.  What   is   the   value   of   .35721    of   a  ife    Apothecaries' 
Weight?  Ans.  4|  2^  09  17.5296grs. 

''8.  What  is  the  value  of  .093507  of  a  ton? 

Ans.  Icwt.  3qr.  121b.  3.584dr: 
■    9.  What  is  the  value  of  .57069  of  a  bbl.  of  40  gallons? 

Ans.  22gal.  3qt.  2.4832gi. 

10.  What  is  the  value  of  .99  of  a  bushel? 

Ans.  3pk.  7qt.  1.36pt.     , 

11.  What  is  the  quantity  of  land  in  .376  of  a  township  6  miles 
iquare  I       Ans.  13  sq.  mi.  343A.  6P.  108  sq.  ft.  129.6  sq.  in. 

12.  What  is  the  value  of  .1875  of  a  common  year  ? 

Ans.  68da.  lOhr.  30min. 


QuKSTiON. — 167.  How  do  we  fiud   the  value  of  a  denominate  decimal  in 
whole  numbers  ? 
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MISCELLANEOUS   EXERCISES   IN    DECIMALS. 

1.  What  is  the  product  of  3.14159265  by  .31830989  true  to 
three  decimal  places?  Ans.  .999. 

2.  What  cost  7yd.  3qr.  3na.,  at  §9.75  per  yd.? 

Ans.  $77.39+. 
8.  What  cost  45A.  IE.  25P.  at  $31.50  per  acre? 

Ans.  81430.29,6+. 

4.  What  cost  12  cords  48  feet  of  wood,  at  85.37^  per  cord? 

Ans.  866.51,51. 

5.  Sold  a  pile  of  wood  35ft.  6'  long,  5ft.  3'  high,  and  4ft.  9' 
wide,  for  84.31i  per  cord.     How  much  did  I  receive  for  it? 

Ans.  829.82,6+. 

6.  At  31icts.  per  bushel,  how  many  bushels  of  potatoes  can 
be  bought  for  818.591?  Ans.  59bu.  2pk. 

7.  What  is  the  sum  of  .4  of  a  mile,  .9  of  a  furlong,  and  .5 
of  a  rod?  •  Ans.  4fur.  4rd.  8ft.  3in. 

8.  From  .82  of  a  day  take  .48 .of  an  hour. 

Ans.  19hr.  12min. 

9.  What  is  the  value  of  .75  of  365i  days? 

Ans.  273da.  22hr.  30min. 

10.  At  821820.25  per  mile,  find  the  cost  of  32m.  6  fur.  36rd. 
of  railroad,  carrying  the  product  to  cents  only. 

Ans.  8717067.96. 

11.  Divide  decimally  20mi..  3fur.  27rd.  10ft.  6in.  by  Imi. 
5fur.  25rd.  10ft.  6in.  Ans.  12. 

12.  What  is  the  value  of  an  endless  decimal,  all  nines  ? 

Ans.  1. 

13.  What  is  the  value  of  the  decimal  .499,  the  nines  being 
continued  without  end  ?  Ans.  i. 

14.  Indicate  and  perform  the  following : — From  the  sum  of 
five  and  six  hundredths,  plus  nine  and  four-tenths,  take  three 
and  seven  thousandths,  and  divide  the  remainder  by  one  and 
three-tenths.  Ans.  8.81. 

15.  What  is  the  quotient  of  six  with  the  decimal  eighteen 
thousand  nine  hundred  and  forty-five  millionths,  divided  by 
eight  with  the  decimal  four  thousand  and  sixteen  ten-thou- 
sandths, true  to  four  places  of  decimals  ?  Ans.  .7164. 

16.  What  is  the  average  of  five  hundred  with  the  decimal 
sixty-five  ■  ten-thousandths ;  forty-eight  with  the  decimal  eight 
hundred  ^d  four  thousandths;  and  seventeen  with  the  decimal 
eight  hnndredths  ?  Ans.  188.63016. 
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CHAPTER  XIII. 

ANALYSIS. 

Art.  108.  Analysis,  in  Arithmetic,  is  a  method  of  solv- 
ing questions  by  separately  computing  each  of  their  conditions. 

It  is  often  called  Practice. 

To  analyze  a  question,  is  to  produce  its  answer,  by  reasoning 
from  one  condition  to  another,  till  every  condition  has  been 
separately  considered. 

An  aliquot  part  of  a  quantity  is  any  quantity  which  is  con- 
tained in  it  an  exact  number  of  times. 

ANALYSIS   BY  ALIQUOT   PARTS. 

Art.  loO.  Analysis  by  aliquot  parts  is  a  method  of  obtain- 
ing the  product  of  two  numbers,  by  computing  separately  the 
product  of  one  number  by  that  part  of  the  other  which  expresses 
the  units  of  comparison,  and  by  those  parts  which  are  aliquot 
parts  of  such  unit. 

Ex.  1.  What  cost  46yd.  of  linen  at  43f  cts.  per  yd.  ? 

Ans.  S20.12i 

Mental  Process. 

At  $1  per  yd.,  the 
cost  of  46yd.  would 
be  $46.  Since  25cts. 
is  \  of  $1,  the  cost  of 
46yd.  at  25cts.  would 
be  i  of  the  cost  at  %1 ; 
that  is,  §11.50.  Since 
12^cts.  is  J  of  25cts.,  the  cost  at  12Jct8.  would  be  J  of  the  cost  at 
25cts. :  thati^is,  S5.75.  Since  6-1-cts.  is  J  of  12fcts.,  the  cost  at  C^cts. 
would  be  J  of  the  cost  at  12*cts;  that  is,  $2.87^.  Since  25cts.  + 
12^ct8.  +  6jcts.  =  435cts.,  the  cost  at  43f cts.  must  be  the  sum  of  the 
costs  at  25cts.,  12Jcts.,  e^cts. ;  that  is,  $20.12J. 

Ex.  2.  What  cost  24  reams  of  paper  at  15s.  9d.  per  ream? 

Ans.  X18  18s. 

Questions. — 158.  What  is  analysis?  What  is  analyzing  a  question?  What 
u  an  aliquot  part  of  a  quantity  ? 


Written  Process. 

25cts.=:  \ 

46         =  cost  at  $1 

12i-    =J 

11.50  =    "     " 

2  Sets. 

6i    =1 

5.75  =    "    " 

12  Jets. 

2.8  7J=    "    " 

6  lets. 

820.12J        "    '' 

43|cts. 
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Written  Process. 

10s.  =^i 

24 

=  cost  at  £1 

5s.  =    I 

12£ 

___        (C         li 

10s. 

6d.=   :v 

6£ 

U         (I 

5s. 

3d.=     1 

12s.  =    "     " 

6s.  =    "     " 

6d. 
3d. 

e£18  18s.  =    ^'     " 

15s. 

9d. 

181 


Ex.  3.  At  tlie  rate  of  3mi.  6fiir.  36rd.  per  hour,  how  far  will 
a  person  walk  in  5hr.  40min.  45sec.  ? 

Ans.  21mi.  7fur.  19.45rd. 


Written  Process. 

30min. 

=  ihr. 

3mi 

6fur 

36rd.  = 
5 

dist.  in 

Ihr. 

19 

2 

20      == 

5hr. 

min. 

sec. 

lOmin. 

=  i 

1 

7 

18      = 

30 

30sec. 

'57) 

5 

6      = 

10 

15sec. 

=   f 

10.3  = 

30 

21mi. 

7fur. 

5.15=: 

19.45rd. 

15 

5hr. 

40min 

45sec. 

PvULE. — If  a  part  of  the  multiplier  is  one  or  more  units  of 
comparison  J  multiply  hy  such  part,  and  to  the  product  add  those 
aliquot  parts  of  the  multiplicand  which  the  other  parts  of  the 
multiplier  are  of  its  unit. 

If  no  part  of  the  multiplier  is  the  unit  of  comparison,  find  the 
value  of  the  multiplicand  at  the  rate  of  such  unit,  and  take  those 
aliquot  parts  of  this  value  xohich  the  given  parts  of  the  multiplier 
are  of  its  unit. 

Note  1. — It  is  best  so  to  take  the  first  aliquot  part  of  the  multiplicand, 
as  to  allow  every  subsequent  part  to  be  determined  from  its  immediate 
predecessor. 

Note  2. — This  method  of  solving  questions  is  much  practiced  .n  ordi- 
nary business,  and  is  valuable  for  the  mental  exercise  it  affords,  as  well 
as  for  its  frequent  brevity  of  calculation. 

For  some  of  the  following  examples,  consult  the 


Questions. — 159.  What  is  analysis  by  aliquot  parts?     How  do  iwe  analyze 
by  aliquot  parts  ?     What  is  the  best  method  of  taking  aliquot  parts  ? 
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V. 

Table  of  Aliquot  Parts  of  a  Dollar. 

4cts.    =  -^-^  of  a  dollar. 
Sets.    =  -^^  of  a  dollar. 
6icts.  =  y'g  of  a  dollar. 
Sicts.  =  -f^  of  a  dollar. 
lOcts.  =  Jq  of  a  dollar. 

12  Jets.  =  1  of  a  dollar. 
161  cts.  =  i  of  a  dollar. 
20cts.    =  i  of  a  dollar. 
25cts.    =  1  of  a  dollar. 
50cts.    =i  of  a  dollar. 

Examples  for  Practice. 
What  would  be  the  ccst  of 

4.  250  boxes  blacking,  at  4cts.  per  box  ?  Ans.  $10. 

5.  375  bottles  ink,  at'Scts.  per  bottle?  Ans.  $18.75. 

6.  148yd.  muslin,  at  6icts.  per  yd.  ?  Ans.  89.25. 

7.  1651b.  sugar,  at  SJcts.  per  lb.  ?  Ans.  $13.75. 

8.  96  gross  buttons,  at  4s.  per  gross  ?  Ans.  £19  4s. 

9.  178  bottles  wine,  at  5s.  per  bottle  ?  Ans.  £44  10s. 

10.  75bbl.  salt,  at  87*cts.  per  bbl.  ?  Ans.  $65.62J. 

11.  525bbl.  flour,  at  $3.62 J  per  bbl.  ?  Ans.  $1903.12J. 

12.  142bu.  apples,  at  31icts.  per  bu.  ?  Ans.  $44.37^.- 
IB.  84bbl.  flour,  at  £1  2s.  6d.  per  bbl.  ?  Ans.  £94  10s. 

14.  80A.  of  land,  at  $15.37  J  per  A.  ?  Ans.  $1230. 

15.  19yd.  merino,  at  66f  cts.  per  yd.  ?  Ans.  612.66f . 

16.  22yd.  silk,  at  $1.16f  per  yd.  ?  Ans.  $25.66f . 

17.  43bu.  rye,  at  561cts.  per  bu.  ?  Ans.  $24.18|. 

18.  451b.  candy,  at  18f  cts.  per  lb.  ?  Ans.  $8.43f . 

19.  68da.  labor,  at  $1.33i  per  day?  Ans.  S90.66f. 

20.  347bu.  wheat,  at  93f  cts.  per  bu.  ?  Ans.  $325.31i. 

21.  5doz.  tumblers,  at  $1.75  per  doz.  ?  Ans.  $8.75. 

22.  40A.  311.  25P.  land,  at  822.50  per  A.  ?  Ans.  $920.39+. 

23.  5yd.  3qr.  cloth,  at  85.75  per  yd.  ?  Ans.  $33.06i. 

24.  30A.  2R.  20P.,  at  £5  4s.  6d.  per  A.  ? 

Ans.  £160  Os.  3a.  3qr. 

25.  8bu.  Ipk.  5qt.  clover-seed,  at  $3.37^  per  bu.  ? 

Ans.  $28.37,1+. 

26.  201b.  12oz.  butter,  at  18f  cts.  per  lb.  ?      Ans.  $3.89+. 

27.  40gal.  3qt.  Ipt.  wine,  at  $2.75  per  gal.  ? 

Ans.  $112.40,6+. 

28.  How  many  cubic  inches  iu  12gal.  3qt.  Ipt.  2  gi.  of  wine  ? 

Ans.  2988^-9^  cu.  in. 

29.  How  many  cubic  inches  in  36gal.  Iqt.  Ipt.  of  beer  ? 

Ans.   102571  eu.iii. 
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30.  If  the  moon's  average  daily  motion  is  13°  10'  86",  how 
much  of  her  orbit  does  she  go  through  in  lOda.  llhr.  12min. 
msec?  '  Ans.  137°  54' 53.47"+. 

GENERAL  ANALYSIS. 
Art.  too.     In  general  analysis,  proceed  by  the  following 

Rule. — Prom  the  quantity  depending  ujm/i  a  given  number  of 
units  or  parts,  infer  the  quantity  dejiending  upon  one  of  those 
units  or  parts:  and  then,  if  necessary ,  from  this  quantity  infer 
the  quantity  depending  upon  the  required  number. 

Questions  to  be  Analyzed. 

1.  If  1yd.  of  cloth  costs  $3.75,  what  will  |  of  a  yd.  cofet? 

Ans.  $2.25. 

Analysis. — If  1  yd.,  that  is,  f  of  a  yd.,  cost  $3.75,  ^^  of  a  yd.  will 
cost  i  of  $3.75,  that  is,  $0.75  ;  and  f  of  a  yd.  will  cost  3  times  $0.75, 
that  is,  $2.25. 

2.  At  $24.50  per  ton,  what  cost  |  of  a  ton  of  hay  ? 

Ans.  $15.3Ii. 

3.  At  the  rate  of  28mi.  7fur.  35rd.  per  day,  how  far  would  a 
person  walk  in  4  of  a  day  ?  Ans.  24mi.  6fur.  oOrd. 

4.  James  Spencer  is  |J  as  old  as  his  brother  John,  whose  age 
is  36yr.  6mo.  12da. :  how  old  is  James  ?     Ans.  33yr.  5mo.  26da. 

5.  I  am  to  receive  J  of  the  crop  of  oats  in  a  certain  field. 
What  is  my  share,  if  the  crop  is  324bu.  3pk.  3qt.  ? 

Ans.  252bu.  2pk.  5qt. 

6.  At  the  rate  of  $53247  per  mile,  what  cost  |  of  a  mile  of 
railroad?  Ans.  $44372.50. 

7.  If  4  of  a  yd.  of  cloth  cost  $2.25,  what  cost  1  yd  ? 

Ans.  $3.75. 

Analysis.— If  ^  of  a  yd.  cost  $2.25,  ;^  of  a  yd.  will  cost  ^  of  $2.25, 
that  is,  $0.75 ;  and  f  of  ai  yd.,  that  is,  1yd.,  will  cost  5  times  $0.75, 
that  is,  $3.75. 

8.  If  I  of  a  ton  of  hay  cost  $15.31i,  what  is  the  price  per 
ton?  Ans.  $24.50. 

9.  If  a  person  walks  24mi.  6fur.  30rd.  in  |  of  a  day,  how  far, 
at  that  rate,  would  he  walk  in  a  day  ?     Ans.  28mi.  7fur.  35rd. 

QcERTio.v. — 160.  What  is  the  general  method  of  analysis  by  inference? 
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10    If  13oz.  of  indigo  sell  for  $1.17,  what  is  the  price  per  lb. ! 

Ans.  81.44. 

11.  If  lloz  of  gold-dust  sell  for  1193.60,  what  is  the  cost  of 
lib.  ?  Ans.  $211.20. 

12.  Anson  Rand  inherited  |  of  his  father's  estate,  and  sold 
his  claim  to  i  of  his  share  for  S6250.  At  that  rate,  what  was 
the  value  of  the  estate  ?  Ans.  $22500. 

13.  If  j^TT  of  a  person's  income  are  $312.50,  how  much  are  -g- 
of  it?         ^  Ans.  $656.25. 

Analysis.— If  /^  of  his  income  are  $312.50,  yV  is  h  of  $312.50, 
that  is,  $62.50  ;  and  jf ,  equal  to  the  whole,  are  12  times  $62.50,  that, 
is,  $750.  Now,  if  his  income  is  $750,  ^  of  his  income  is  ^  of  $750, 
that  is,  $93.75  ;  and  i  are  7  times  $93.75,  that  is,  $656.25. 

14.  If  f  of  a  ton  of  bar-iron  cost  $48.30,  what  cost  |  of  a  ton? 

Ans.  $55.20. 

15.  If  ^j^  of  a  box  of  soap  cost  $3.85,  what  cost  j\  of  it  ? 

Ans.  $4. 

16.  If  f  of  a  cask  of  syrup  are  96gal.  Iqt.,  how  much  are  ^^ 
of  it  ?  Ans.  85gal.  3qt. 

17.  S.  Payne  sold  j\  of  a  lot  to  J.  Peck,  for  the  purpose  of  a 
house-lot,  for  $187.50  j  afterward,  f  of  the  remainder,  for  a 
barn-yard,  at  the  same  rate.     What  did  the  barn-yard  cost  ? 

Ans.  $291,661. 

18.  David  Holt,  spending  on  a  journey  |  of  the  money  which 
he  had  at  starting,  had  $48.50  left,  and  determined  to  keep  ^^^ 
of  the  original  sum  till  his  journey  was  ended.  How  much  had 
he  yet  to  spend  ?  Ans.  $25.76,5f . 

19.  If  121b.  of  tea  cost  $9,  what  will  51b.  cost  ?     Ans.  $3.75. 

Analysis.— If  121b.  cost  $9,  lib.  will  cost  t^^  of  $9,  that  is,  $0.75 ; 
and  if  lib.  costs  $0.75,  51b.  will  cost  5  times  $0.75,  that  is,  $3.75. 

20.  If  4  horses  consume  14bu.  of  oats  per  week,  how  many 
bushels  will  10  horses  consume  in  the  same  time  ?      Ans.  35. 

21.  Paid  $187.50  for  30yd.  of  broadcloth,  and  sold  13yd.  to 
Wm.  Brooks,  at  the  same  price.     How  much  did  I  receive  ? 

Ans.  $81.25. 

22.  If  a  gross  of  bottles  of  porter  costs  £3  6s.,  what  will 
20doz.  cost?  Ans.  £5  10s. 

28.  If  19  thousand  feet  of  boards  cost  $622.25,  what  will  25 
thousand  feet  cost  ?  Ans.  $818.75. 

24.  If  10  cu.  ft.  pure  water  weigh  6251b.,  what  will  12^  cu 
ft.  weigh  ?  Ans.  7811b.  4oz. 
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Analysis. — If  10  cu.  ft.  weigh  6251b.,  1  cu.  ft.  will  weigh  ^^  of 
6251b.,  that  is,  62Jlb.  In  12J  cu.  ft.  there  are  V  cu.  ft.,  and  if 
1  cu.  ft.  weighs  62|lb.,  J  of  a  cu.  ft.  will  weigh  ^  of  62ilb.,  that  is, 
31Jlb. ;  and  ^  will  weigh  25  times  31|-lb.,  that  is,  TSl^lb. ;  equal 
to  7811b.  4oz. 

25.  If  25bbl.  of  flour  cost  $118.75,  what  will  5Jbbl.  cost  ? 

Ans.  $26.12^ 

26.  If  7  weeks'  board  cost  $22.75,  what  will  board  for  15 
weeks  4  days  cost?  Ans.  $50.60,7^. 

27.  If  21A.  3R.  of  land  cost  $350,  what  will  8A.  2R.  lOP. 
cost?  Ans.  $121.08,5+. 

28.  If  12  thousand  brick  weigh  25  T.  4cwt.,  how  much  will 
35i  thousand  weigh  ?  Ans.  74  T.  501b. 

29.  If  llf  sq.  yd.  of  paving  cost  $7.70,  what  would  it  cost  to 
pave  a  surface  20ift.  long  and  8ft.  broad  ?  Ans.  $11.88. 

30.  If  5^bbl.  of  flour  cost  $26.12^,  what  will  25bbl.  cost  ? 

Ans.  $118.75. 

Analysis.— In  5Jbbl.  there  are  ybbl.  If  ybbl.  cost  $26.12,5, 
*bbl.  will  cost  j\  of  $26.12,5,  that  is,  $2.37,5 ;  and  fbbl.,  that  is,  1 
bbl,  will  cost  2  times  $2.37,5,  that  is,  $4.75  ;  and  25bbl.  will  cost  25 
times  $4.75,  that  is,  $118.75. 

31.  If  8idoz.  slates  cost  $28. 87  J,  what  will  a  gross  cost  ? 

Ans.  $42. 

32.  If  5|bu.  clover-seed  cost  $20.25,  what  cost  9bu.  ? 

Ans.  $32.40. 

33.  If  9i  cu.  yd.  masonry  cost  $42,  what  cost  63  cu.  yd.  ? 

Ans.  $283.50. 

34.  If  8i  tons  of  soda  cost  $825,  what  will  11  tons  cost  ? 

Ans.  $1100. 

35.  If  35i  thousand  brick  weigh  74  tons  501b.,  what  will  8 
thousand  weigh  ?  Ans.  16  tons  16cwt. 

36.  If  7|  tons  of  iron  cost  $663,  what  will  8|  tons  cost  ? 

Ans.  $701.25. 

Analysis. — In  7f  tons  there  are  %^  of  a  ton.  If  %^  of  a  ton  cost 
$663,  ^  of  a  ton  will  cost  ^  of  $663,  that  is,  $17 ;  and  f  of  a  ton,  that 
is,  1  ton,  will  cost  5  times  $17,  that  is,  $85.  In  8^^  tons  there  are 
3^  of  a  ton.  If  1  ton  cost  $85,  ^  of  a  ton  will  cost  I  of  $85,  that  is, 
$21.25  ;  and  ^^  will  cost  33  times  $21.25,  that  is,  $701.25. 

37.  At  $393.75  for  18|A.  land,  what  would  3O4A.  cost  ? 

Ahs.  $633. 

38.  At  $390  for  5^  months,  what  should  I  earn  in  9  J 
months  ?  Ans.  $687.50. 
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39.  If  I  pay  13.75  for  the  use  of  $100,  7i  months,  what 
should  I  pay  for  its  use  lOy^^  months  ?  Ans.  $5.05. 

40.  If  I  pay  $8.75  for  flooring  19|  sq.  yd.,  what  should  be 
paid  for  flooring  a  room  15*  feet  long  and  14  broad  ? 

Ans.  $10.85. 

41.  If  5  horses  eat  a  certain  quantity  of  oats  in  9  days,  how 
long  will  15  horses  be  in  eating  the  same  ?  Ans.  3  days. 

Analysis. — If  5  horses  eat  the  oats  in  9  days,  it  will  take  1  horse 
5  times  9  days,  that  is,  45  days,  to  eat  them ;  and  it  will  take  15 
horses  -^^  of  45  days,  that  is,  3  days,  to  eat  them. 

42.  If  4  compositors  set  400  pages  of  type  in  25  days,  how 
long  would  10  compositors  be  in  doing  the  same  ? 

Ans.  10  days. 

43.  If  6  cows  consume  the  grass  of  a  field  in  4  weeks,  how 
long  would  16  cows  be  in  doing  the  same  ?       Ans.   1^  weeks. 

44.  A  certain  vessel,  having  provision  for  9  persons  11  weeks, 
rescued  30  persons  from  shipwreck.  How  long  should  the  pro- 
visions last  with  regular  rations  ?  Ans.  2-^^  weeks. 

45.  If  7  bricklayers  lay  the  brick  of  a  certain  building  in  4 
weeks  2  days,  how  long  would  it  take  4  bricklayers  to  do  the 
same?  Ans.  7  weeks  3^  days.  -^ 

46.  If  the  harvesting  of  a  farmer  would  occupy  10  hands  23 
days,  and  he  can  find  only  8  hands,  how  long  will  it  take  to 
gather  his  harvest  ?  Ans.  28 f  days. 

47.  If  11  men  pay  $165  for  5  weeks'  board,  how  much  would 
it  cost  9  men  for  7  weeks'  board  ?  Ans.  $189. 

Analysis. — If  5  weeks'  board  of  11  men  cost  $165,  1  week's 
board  of  11  men  costs  ^  of  $165,  that  is,  $33,  If  11  men  pay  $33 
for  1  week's  board,  1  man  should  pay  y'j  of  $33,  that  is,  $3,  and  9 
men  should  pay  9  times  $3,  that  is,  $27.  If  9  men  pay  $27  for  1 
week's  board,  they  should  pay  7  times  $27,  that  is,  $189,  for  7 
weeks'  board. 

48.  If  a  single  pair  of  millstones  grind  750bbl.  flour  in  5 
weeks,  how  many  bbl.  would  4  pairs  grind  in  9  weeks  ? 

Ans.  5400bbl. 

49.  If  40  looms  weave  14400yd.  cloth  in  4  weeks,  how  many 
yd.  would  150  looms  weave  in  50  weeks?        Ans.  675000yd. 

50.  If  $100  gain  $6  in  12  months,  how  many  dollars  would 
$500  gain  in  4  months  ?  Ans.  $10. 

51.  I:^  the  4  cent  loaf  weighs  9oz.  when  flour  is  $8  a  bbl.,  how 
many  oz.  should  the  6  cent  loaf  weigh  when  flour  is  $6  a  bbl.  ? 

Ans.  18oz. 
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CHAPTER  XIV. 

RATIO.     PROPORTION.     VARIATION. 

RATIO. 

Art.  161.  Ratio  is  the  relation  of  difference  or  quotient 
between  two  numbers,  and  expresses  the  comparison  of  one 
number  with  another. 

This  comparison  is  of  two  kinds, — viz., 

"1st,  By  subtraction,  to  find  how  much  one  number  exceeds 
another. 

2d,  By  division,  to  find  how  many  times  one  number  contains 
another. 

In  the  comparison  of  two  numbers  by  subtraction,  the  dif- 
ference is  called  the  arithmetical  ratio. 

In  the  comparison  of  two  numbers  by  division,  the  quotient  is 
called  the  geometrical  ratio. 

Note. — ^The  word  ratio,  by  itself,  always  signifies  geometrical  ratio. 
The  word  difference  is  now  mostly  used  for  arithmetical  ratio. 

Illustrations  of  Ratio. 

1.  What  relation  has  3  to  6  ?  Ans.  It  is  |  or  ^  as  much. 

2.  AYhat  relation  has  6  to  3  ?  Ans.  It  is  |  or  twice  as  much. 

3.  What  is  2,  compared  with  8  ?  Ans.  It  is  |  or  i  as  much. 

4.  "V\Tiat  is  8,  compared  with  2  ?  Ans.  It  is  |  or  4  times  as  much. 

Art.  16^.  The  terms  of  a  ratio  are  the  two  numbers 
which  are  compared.  The  antecedent  is  the  first  term  of  a 
ratio  ;  the  consequent  is  the  second  term. 

Ratio  is  represented  to  the  eye  in  two  ways, — viz. 

First,  By  a  fraction  whose  numerator  is  the  antecedent,  and 
whose  denominator  is  the  consequent  3*  and, 

*  This  is  the  English  method.  The  French  usually  write  the  conse- 
quent for  the  numerator,  and  the  antecedent  for  the  denominator. 

Questions. — 161.  What  is  ratio?  What  does  it  express?  What  are  the 
kinds  of  comparison  ?  What  is  arithmetical  ratio  ?  Geometrical  ratio  ? — 162. 
What  are  the  terms  of  a  ratio  ?  The  antecedent  ?  The  consequent  ?  How  is 
ratio  written  ?     What  is  the  French  method  ? 
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Second.  By  placing  a  colon  between  the  antecedent  and  con- 
sequent. 

Thus,  the  ratio  of  5  to  9  is  either  written  |,  or  5  :  9,  and  is 
read  "5  is  to  9." 

Art.  103.  The  terms  of  a  ratio  must  be  of  the  same  de- 
nomination. There  can  be  no  ratio  between  yards  and  gallons^ 
between  pounds  and  weeks.  There  can  be  no  ratio  directly 
between  3  minutes  and  6  hours,  since  it  could  not  be  |;  but  ' 
reducing  6  hours  to  minutes,  there  is  a  ratio  between  3  minute 
and  360  minutes. 

Art.  164L.  Since  the  ratio  of  two  numbers  is  the  quotient 
of  one  divided  by  the  other,  and  is  expressed  by  a  fraction, 
whose  numerator  is  the  antecedent,  and  whose  denominator  4s 
the  consequent,  the  following  propositions  must  be  true. 

1st.  Multiplying  the  antecedent,  or  dividing  the  consequent, 
multiplies  the  value  of  the  ratio.     (See  Art.  103.) 

2d,  Dividing  the  antecedent,  or  multiplying  the  consequent, 
divides  the  value  of  the  ratio.     (See  Art.  103.) 

3d.  Multiplying  or  dividing  both  terms  hy  the  same  number 
does  not  affect  the  value  of  the  ratio.     (See  Art.  103.) 

Art.  165.  In  reference  to  the  number  of  their  terms, 
ratios  are  simple  or  compound. 

A  simp)le  ratio  is  a  ratio  having  only  one  antecedent  and  one 
consequent;  as  3  :  5,  or  |. 

A  compound  ratio  is  a  ratio  whose  antecedent  expresses  the 
product  of  the  antecedents  of  two  or  more  ratios,  and  whose  con- 
sequent expresses  the  product  of  the  consequents  of  the  same 

3  V  4 

ratios:  as  3  X  4 : 5  X  7,  or  —2lZ, 

5X7 

Examples  for  Practice. 

1.  What  is  the  ratio  of  7  to  9?  8  to  12?  10  to  14?  6  to  10? 

2.  What  is  the  ratio  of  16  to  4?   14  to  7?  15  to  3?  18  to  3? 

3.  What  is  the  ratio  of  14  to  4?    16  to  5?   8  to  3?   12  to  7? 

4.  Is  the  ratio  of  6  to  9  greater  or  less  than  that  of  9  tb  12? 

Ans.  Less.     (Prove  it.) 
0.  Is  the  ratio  of  8  to  14  greater  or  less  than  that  of  8  to  16? 

Ans.  Grreater.     (Prove  it.) 

Questions. — 163.  What  must  the  terms  of  a  ratio  be? — 164.  What  proposi 
tions  are  true  of  ratios  ?  Why? — 165.  How  ai'e  ratios  classified?  What  is  » 
simple  ratio  ?     What  is  a  compound  ratio  ? 
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6.  What  is  the  difference  between  the  ratio  of  3i  to  5  J,  and 
that  of  6i  to  7*?  Ans.  English  l;  French  ^%. 

7.  Compare  the  ratio  of  5  to  11  with  that  of  35  to  77. 

Ans.  They  are  equal. 

8.  Compare  the  ratio  of  9  to  4  with  that  of  1.3  J  to  6. 

Ans.  They  are  equal. 

9.  What  is  the  ratio  of  80  rods  to  1  mile?  Ans.  i. 
10.  What  is  the  ratio  compounded  of  5  to  6,  and  12  to  15  ? 

Ans.  f. 

Art.  100.  One  thing  varies  directly  as  another,  when  it 
increases  proportionally  as  the  other  increases,  and  decreases 
proportionally  as  the  other  decreases.  Thus,  the  cost  of  articles 
varies  directly  as  their  quantity,  if  the  price  is  fixed;  and,  in 
general,  the  quantity  of  effect  varies  directly  as  the  quantity 
of  cause. 

One  thing  varies  inversely  as  another,  when  it  increases  pro- 
portionally as  the  other  decreases,  and  decreases  proportionally 
as  the  other  increases.  Thus,  the  time  occupied  in  traveling  a 
certain  distance  varies  inversely  as  the  velocity;  that  is,  with 
tivice  a  given  velocity,  the  distance  would  be  traveled  in  half 
the  time;  with  three  times  the  velocity,  in  one-third  the  time,  &c. 

PROPORTION. 

Art.  167.  A  Proportion  is  a  statement  of  the  equality  of 
ratios  whose  terms  are  fully  expressed.  Four  numbers  are  in 
proportion  when  the  ratio  of  the  first  to  the  second  is  the  same 
as  that  of  the  third  to  the  fourth. 

The  equality  of  one  ratio  to  another  is  represented  in  three 
ways, — viz. : 

First.  As  the  equality  of  one  fraction  to  another;  as,  |-  =  |. 

Second.  By  representing  the  ratios  with  colons,  and  placing 
the  sign  of  equality  between  them ;  as,  4  :  8  =  3  :  6. 

Third.  By  a  double  colon  between  the  ratios;  as,  4  :  8  : :  3  t6. 

Note. — The  last  is  the  common  method,  and  the  proportion  given  is 
read  "  4  is  to  8  as  3  is  to  6." 

Art.  168.  The  numbers  which  form  a  proportion  are 
called  proportionals,  or  terms  of  the  proportion. 

Questions. — 166.  When  does  one  thing  vary  directly  as  another?  When 
does  one  thing  vary  inversely  as  another? — 167.  What  is  a  proportion  ?  When 
are  four  numbers  in  proportion  ?  How  is  a  proportion  written  ? — 168.  What 
are  the  terms  of  a  proportion  ? 
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The  extremes  of  a  proportion  are  its  first  and  fourth  terms. 
The  means  of  a  proportion  are  its  second  and  third  terms. 
Thus,  in  the  proportion  3  :  4  : :  6  :  8,  the  extremes  are  3  ana 
8,  and  the  means  are  4  and  6. 

Art.  100.  In  reference  to  the  number  of  terms  in  their 
ratios,  proportions  composed  of  two  ratios  are  simple  or  compound. 

A  sim^ple  proportion  is  a  statement  of  the  equality  of  tioo 
simple  ratios  whose  terms  are  fully  expressed;  as,  3  :  9  :  :  6  :  18. 

A  compound  proportion  is  a  statement  of  the  equality  of  a 
simple  to  a  compound  ratio,  of  both  which  the  terms  are  fully 
1;  as,  3  X  4  :  5  X  7  ::  24  :  70. 


A  Ft.  ITO.  If,  in  a  proportion,  hath  terms  of  any  ratio 
are  multiplied  or  divided  by  the  same  number,  the  residting 
numbers  are  projJortionaX  with  the  remaining  numbers. 

Thus,  the  proportion  4  :  8  : :  6  :  12  may  become 

By  multiplication,  8  :  16  : :  6  :  12,  or  4  :  8  : :  12  :  24,  &c. 

By  division,  2  :  4  : :  6  :  12,  or  4  :  8  : :  3  :  6,  &c. 

Al't.  ITl.  If,  in  a  proportion,  both  antecedents  or  both  con- 
sequents be  midtiplied  or  divided  by  the  same  number,  the  residt- 
ing numbers  will  be  proportional  with  the  remaining  numbers. 

Thus,  the  proportion  3  :  9  : :  6  :  18  may  become 

By  multiplication,  6  :  9  : :  12  :  18,  or  3  :  18  : :  6  :  36,  &c. 

By  division,  1  :  9  :  :  2  :  18,  or  3  :  1  : :  6  :  2,  &c. 

Art.  17S.  The  'product  of  the  extremes  of  a  proportion 
is  equal  to  the  product  of  its  means. 

Illustration. — The  proportion  2  :  3  : :  8  :  12  may  be  written  thus: 

2X12 

I  z=  ^j.    Now,  multiplying  both  ratios  by  12,  we  have =  -8; 

3 
and,  multiplying  this  result  by  3,  we  have  2  X  12  =  3  X  8. 

«Art.  ITS.  If  three  terms  of  a  proportion  are  given,  the 
fourth  may  be  found,  if  it  is  an  extreme,  by  dividing  the  pro- 
duct of  the  means  by  the  given  extreme;  or,  if  it  is  a  mean,  by 
dividing  the  product  of  the  extremes  by  the  given  mean. 

Questions. — 168.  What  are  tho  extremes  of  a  proportion  ?  The  means? — 169. 
How  are  proportions  composed  of  two  ratios  classified?  What  is  a  simple 
proportion  ?  A  compound  proportion  ? — 170.  What  effect  has  multiplying  or 
dividing  both  terms  of  a  ratio  by  the  same  number? — 171.  What  is  the  effect 
of  multiplying  or  dividing  both  antecedents  or  both  consequents  by  the  same 
number  ? — 172.  What  is  the  product  of  the  extremes  ? — 173.  How  can  a  fourth 
proportional  be  found  when  three  are  given  ? 
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Illustrations. 

4X6 
1st.  2  :  4  : :  6  :  what?        Ans. =  12.  Remark. 

2 

2  X  12  This  results  from 

2d.  2  :  4::  what?  :  12      Ans.  =  6.     the    fact    stated    in 

4  Art.  172,  since  a  jpro- 

2  X  12  duct,  and  one  factor^ 

3d.  2  :  what?  : :  6  :  12     Ans.  =  4.     are  given  to  find  the 

6  other. 
4X6 

4th.  What?  :  4  :  :  6  :  12    Ans. =  2. 

12 

SIMPLE   PROPORTION. 

Art.  1T4:.     Simple   Proportion   is    employed  to  find  the 
fourth  term  of  a  proportion,  when  three  terms  are  given. 

Art.  175.     To  state  and  solve  questions  in  Simple  Pro- 
portion. ^ 

Ex.  1.  If  561b.  of  tea  cost  $42,  what  will  121b.  cost? 

Ans.  m. 

Written  Process.  Mental  Process. 
561b.  :  121b.  ::  $42  :  How  much?      The    ratio    of    561b.    to 
12                             121b.  must  be  the  same   as 
that  of  the  cost  of  561b.  to 


1 


V- 


5  6  )  5  0  4  (  $9.  Ans.       ^\  ^^f,   ^^  ^f  ^-  ,.  ^^  T^? 
\ic\A  make   the   first    ratio   with 

^  the      numbers      expressing 

quantity  of  tea,  the  second 

Bt  Cancellation.  ratio    must    be   made   with 

-je^     ,  Aq  the  numbers  expressing  co5^. 

^■^  "  "t^  The  unknown  cost  of  121b. 

^  must  be  less  than  the  known 

3  cost  of  561b.,  because  121b. 

3  X  3  =  9  Ans.  are    less    than    561b.       If, 

therefore,     we     make     the 

greater  cost  the  antecedent  of  the  second  ratio,  then  the  greater  quantity 

of  tea  must  be  the  antecedent  of  the  first  ratio,  and  the  smaller  the 

consequent.     But,  if  we  make  the  greater  cost  the  consequent  of  the 

second  ratio,  then  the  greater  quantity  of  tea  must  be  the  consequent 

of  the  first  ratio,  and  the  smaller  the  antecedent.     We  are  not  limited 

to  any  particular  place  in  the  proportion,  in  which  to  put  the  unknown 

Questions. — 174.  In  what  is  Simple  Proportion  employed? — 175.  How  do 
we  state  and  solve  questions  in  Simple  Proportion  ?  What  reduction  is  ne- 
cessary ? 
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quantity,  (see  Art.  173  ;)  but  the  fourth  or  last  place  is  usually 
assigned  to  it.  Then  find  the  product  of  the  means,  and  divide  it  by 
the  given  extreme.  From  Arts.  170  and  171  we  see  that  any  factor 
common  to  the  solitary  term  of  the  defective  ratio,  and  either  of  tlie 
other  two  terms,  can  be  canceled  out  without  destroying  propor- 
tionality of  terms.  Thus,  14  from  56  and  42  gives  4  :  12 :  :  3 ;  and 
4  from  4  and  12  gives  1  :  3  :  :  3. 

Ex.  2.  A  pasture  will  sustain  3  cows  5  weeks.  How  long 
will  it  sustain  4  cows  ?  Ans.  3|  weeks. 

Common  "Written  Process.  Mental  Process. 

cows.     cows.       weeks.  •  Since   the    pas- 

4  :     3     :  :     6  :     What  time  ?  ture  will   sustain 

3  4  cows  less  time 

~~  than  it  will 3  cows, 

4)15  the    less    number 

31  weeks.  Ans.  ^^^  ««^«  ^^^^"^^,  ^t 

one  consequent  it 

tjj  the  answer  is  as- 

0Other  Arrangements  of  Terms.  signed  to  the  place 

What  time  ?  :  5  weeks  : :  3  cows  :  4  cows,  of  the  other ;   or 

5  weeks  :  What  time?  : :  4  cows  :  3  cows,  should     be     one 
3  cows  :  4  cows  : :  What  time  ?  :  5  weeks,  antecedent  if  the 

answer  is  assigned 
to  the  place  of  the  other.  In  any  arrangement,  find  the  required 
term  by  Art.  173. 

Rule. —  Write,  for  the  third  terrriy  that  number  which  is  of  the 
same  kind  as  the  number  sought. 

Of  the  other  two  numbers,  write  the  greater  for  the  second  term, 
when  the  ansioer  should  be  greater  than  the  third  term}  otherwise 
write  the  less  for  the  second  term. 

Multiple/  the  second  and  third  terms  together,  and  divide  the 
product  by  the  first  term. 

Note  1. — Before  thus  multiplying  and  dividing,  reduce  the  first  and 
second  terms  to  the  same  denomination,  if  they  are  of  different  de- 
nominations. 

Note  2. — After  arranging  •  the  terms,  before  proceeding  with  the 
multiplication  and  division,  it  is  advisable  to  cancel  all  factors  common 
to  the  first  term  and  either  or  both  of  the  other  two  terms. 

Note  3. — If  the  third  term  is  compound,  it  is  sometimes  best  to  re- 
duce it  to  the  lowest  denomination  before  proceeding.  The  answer, 
being  in  that  denomination,  should  then  be  reduced  to  higher  denomi- 
nations. 


Questions. — 17.^.  How  can  we  cancel  ?    What  is  this  rule  calleil  ? 
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Note  4. — The  required  term  need  not  be  the  fourth,  since  we  can 
arrange  the  given  terms  so  as  to  make  the  required  term  occupy  any 
other  place  in  the  proportion.  In  such  a  case,  we  find  the  required 
term  by  Art.  173.      . 

Note  5. — The  learner  should  solve  the  following  questions  by  both 
analysis  imd  proportion. 

Note  6. — This  rule  is  often  called  the  ^'■Single  Rule  of  Three.''' 

Examples  for  Practice. 

3.  If  16yd.  cloth  cost  $56,  what  cost  12yd.  ?         Ans.  $42. 

4.  If  $42  purchase  12yd.  cloth,  how  many  yd.  will  $56  pur- 
chase? Ans.  16yd. 

5.  If  4  horses  can  transport  the  stone  for  a  building  from  the 
quarry  in  30  days,  how  many  horses  must  be  employed  to  do  it 
in  12  days  ?  Ans.  10  horses. 

6.  If  40bu.  oats  supply  my  horses  24  days,  how  long  will 
60bu.  supply  them  ?  Ans.  36  days. 

7.  If  60bu.  oats  supply  my  4  horses  36  days,  and  I  buy  2 
more  horses,  how  long  will  the  oats  supply  the  whole  ? 

Ans.  24  days. 

8.  If  a  certain  quantity  of  food  suffices  for  9  persons  7  days, 
how  l^ig  will  it  suffice  for  6  persons  ?  Ans.  10  J  days. 

9.  I  am  offered  3doz.  of  eggs  for  25  cents,  and  conclude  to 
take  8doz.  at  the  same  rate.     How  much  must  I  pay  ? 

Ans.  661  cents. 

10.  If  34gal.  of  molasses  cost  $13.60,  what  is  the  cost  of 
17gal.r'  ,^,      .    Ans.  $6.80.. 

11.  If  5*yd.  of  cloth  cost  $30.25,  Sow  many  yd.  can 'be 
bought  for  $57.75  ?  Ans.  lO^yd. 

12.  If  2  bricklayers  can  lay  36  thousand  brick  in  6  days,  how 
long  would  it  take  8  bricklayers  to  do  the  same? 

Ans.  \\  days. 

13.  At  the  rate  of  20  miles  in  30  minutes,  how  far  would  a 
railroad-train  go  in  13 ^  hours  ?  Ans.  540  miles. 

14.  If  by  laboring  12  hours  a  day  a  man  can  dig  a  well  in  15 
days,  how  long  would  it  take  him  if  he  labored  only  10  hours 
a  day  ?  .  ^  Ans.  18  days 

15.  If  75  men  build  a  bridge  in  \\  years,  how  many  men 
would  it  take  to  build  it  in  6  months  ?  Ans;  225  men. 

16.  If  7bu.  of  wheat  will  purchase  2bbl.  of  flour,  how  many 
bu.  must  be  given  for  16bbl.  of  flour?  Ans.  56bu. 

N 
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17.  If  a  certain  spring  delivers  42gal.  2qt.  in  1  hour  20 
minutes,  how  long  will  it  be  in  delivering  127gal.  2qt.  ? 

Ans.  4  hours. 

18.  If  the  5  cent  loaf  weighs  f  of  a  lb.  when  flour  is  $7  a 
bbl.j  how  much  should  it  weigh  when  flour  is  $6  a  bbl.  ? 

Ans.  14oz. 

19.  A  wood-chopper,  5ft.  lOin.  high,  found  that  the  shadow 
of  a  certain  tree,  on  level  ground,  was  121ft.  long,  while  his  own 
shadow  measured  8ft.  Gin.     How  high  was  the  tree  ? 

Ans.  80ft.  8in. 

20.  I  borrowed  of  a  friend  $40  for  2  months ;  he  afterward 
borrowed  $20  of  me :  how  long  should  he  keep  it  to  equalize 
the  favors  ?  Ans.  4  months. 

21.  If  it  takes  22iyd.  carpeting,  f  of  a  yd.  wide,  to  carpet  a 
certain  room,  how  many  yd.,  liyd.  wide,  will  it  take  to  do  the 
same?  Ans.  ISAyd. 

22.  If  4  men  could  mow  a  certain  field  in  15  hours,  and  2 
more  men  join  them,  how  long  will  it  take  the  whole  ? 

Ans.  10  hours. 

23.  Ifva  steamer,  whose  speed  is  15  miles  per  hour,  is  sent  in 
pursuit  of  another  whose  speed  is  12  miles  per  hour,  and  which 
has  had  10^^  hours'  start,  how  long  before  the  first  overtakes  the 
second?  Ans.  1  day  18  hours. 

24.  If  a  watch  gains  3Jmin.  a  day,  how  long  before  its  time 
will  be  20min.  past  2  o'clock,  at  noon  ?  An^.  40  days. 

25.  If  the  fore-wheel  of  a  otrriage  is  8ft,  6in.  in  circum- 
ference, and  turns  3600  times  in  a  certain  journey,  how  many 
times  will  the  hind- wheel,  which  is  lOfb.  72-in.  in  circum- 
ference, turn  in  tljj^ame  journey?  Ans.  2880  times. 

26.  If  with  a  false  peck-raeasure,  containing  only  7qt.  IJpt., 
a  merchant  sells  you  clover-seed,  how  much  do  you  get  in  buy- 
ing 5 J  false  bu.,  and  how  much  are  you  cheated? 

Ans.  1st,  5bu.  Ipk.  2qt.  Ipt. ;  2d,  5qt.  Ipt. 

27.  If  an  incorrect  two-foot  rule,  actually  2ft.  1^  tenths  of  an 
in.  long,  makes  a  wall  appear  to  be  40ft.  long,  what  is  the  actual 
length  of  the  wall  ?  Ans.  40ft.  Sin.  _ 

28.  Supposing  the  earth  a  j^rfect  sphere,  what  would  be  its 
circumference  if  1°  15'  of  latitu  \e  measured  86m.  lOlfrd.  ? 

Ans.  24859m.  140|rd. 

29.  If  a  person's  pulse  beats  5625  times  in  Ihr.  15m.,  how 
many  times  a  minute  does  it  beat  ?  Ans.  75  times. 

30.  A  sick  person's  pulse  beat  253  times  in  2min.  12sec. 
what  waa  the  rate  per  minute?  Ans.   116. 
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Al*t.  176.  To  resolve  a  number  into  parts  having  a  given 
ratio. 

Ex.  1.  Resolve  72  into  two  parts,  of  which  the  first  shall  bo 
to  the  second  as  4  to  5.  Ans.  32  and  40. 

Analysis. — If  the  parts  may  be  represented  in  ratio  by  4  and  5, 
the  whole  may  be  represented  by  4  +  5,  that  is,  9 ;  and  one  part 
must  be  |  of  the  whole,  and  the  other  part  f  of  the  whole.  One- 
ninth  of  72  is  8 ;  four-ninths  are  4  times  8,  that  is,  32 ;  and  five- 
ninths  are  5  times  8,  that  is,  40. 

Process  by  Proportion.  Mental  Process. 

4  -f  5  :  4  : :  72  :  32  the  less  part.  As  4  +  5,  or  9,  which 

4  4-5  :  5  ::  7  2  :  4 0  the  greater  part,     f^i^^^^^^^the    number, 

'  °  ^  IS  to  4,  which  represents 

the  less  part  of  the  number,  so  is  72,  the  actual  whole,  to  32,  the 

actual  less  part ;  and  as  9,  which  represents  the  number,  is  to  5, 

which  represents  the  greater  part  of  the  number,  so  is  72,  the  actual 

whole,  to  40,  the  actual  greater  part.     Or,  after  getting  32,  the  less 

part,  subtract  it  from  72,  to  find  40,  the  greater  part. 

Rule. — Divide  the  given  numher  by  the  smn  of  the  terms  of 
the  ratio,  and  multiply  the  quotient  by  each  term;  or. 

As  the  sum  of  the  terms  of  the  ratio  is  to  one  of  them,  so  is  the 
number  to  be  resolved  to  its  correspoiiding  part. 

Examples  for  Practice. 

2.  Resolve  96  into  parts,  which  are  as  7  to  9. 

Ans.  42  and  54. 

3.  What  numbers,  composing  84,  are  as  3,  4,  and  5  ? 

Ans.  21 ;  28  ;  35. 

4.  "\Vhat  numbers,  composing  132,  are  as  2^,  5 J;  and  8^ 

Ans.  20;  44;  68. 

5.  What  numbers,  composing  154,  are  as  IJ,  2i,  3^,  and  4i  ? 

•    Ans.  m;  31 J  j  45^;  59^.     , 

6.  Two  men,  180  miles  apart,  travel  toward  each  other,  one 
going  5  miles  while  the  other  goes  4.  What  is  the  distance 
traveled  by  each  ?  Ans.  One  80 ;  the  other  100. 

7.  Four  heirs,  aged  respectively  15,  17,  19,  and  21  years, 
share  a  legacy  of  $25200,  according  to  their  ages :  what  were 
their  shares  ?  Ans.  $5250 ;  $5950  ',  $6650 ;  and  $7350. 

QtiESTioN. — 176.  How  do  we  resolve  a  number  into  parts  having  a  given 
ratio  ? 
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COMPOUND  PROPORTION. 

Art.  17T.  Compound  Proportion  is  employed  when  the 
solution  of  a  question  by  simple  proportion  requires  more  than 
one  statement. 

When  the  answer  depends  upon  several  pairs  of  conditions, 
these  conditions  may  be  arranged  so  as  to  make  the  first  ratio  oi 
a  statement  compound. 

Art.  1'7'8.  To  state  and  solve  questions  in  Compound  Pro- 
portion. 

Ex.  1.  If  8  men  dig,  in  10  days,  a  ditch  50ft.  long,' 10ft. 
wide,  and  5ft.  deep,  in  how  many  days  will  18  men  dig  a  ditch 
95ft.  long,  12ft.  wide,  and  8ft.  deep  ?  Ans.  16^|  days. 

Common  Written  Process. 
1 8  men  :  8  men  : :  1 0  days. 
5  0ft.  1.   :95ft.  1.     . 
10ft.  w.  :12ft.  w. 

5ft.  d.  :     Sft.  d. 


45000  :72960::10:16i4 


By  Cancellation. 

3 

?3 

:8:: 

?0 

5 

l^ 

^0 

^yp 

19 

l^ 

n 

^ 

5 

:     8 

75 

:)1216 

16>| 

Mental  Process. — Since  the  answer  must  express  days,  we  may 
put  the  given  10  days  as  the  third  term,  that  is,  as  the  antecedent  of 
the  unfinished  ratio.  Now,  separately  considering;  each  pair  of  the 
remaining  conditions,  since  the  demanded  18  men  will  do  the  piece 
(if  work  in  less  days  than  the  stated  8  men,  make  8,  the  less  number 
of  men,  a  consequent,  and  18,  the  greater  number,  an  antecedent  of 
the  first  ratio.  Again,  since  the  demanded  95ft.  of  length  will  re- 
fjuire  more  days  than  the  stated  50ft.  of  length,  make  95,  the  greater, 
a  consequent,  and  50,  the  less,  an  antecedent  in  the  first  ratio. 
Again,  since  tlie  demanded  12ft.  of  width  will  require  more  days 
than  the  stated  10ft.  of  width,  make  12,  the  greater,  a  consequent, 
and  10,  the  less,  an  antecedent  in  the  first  ratio.  Lastly,  since  the 
tlemanded  8fr.  of  depth  \vill  require  more  days  than  the  stated  Sft. 
of  d*epth,  make  8,  the  greater,  a  consequent,  and  5,  the  less,  an  ante- 
cedent in  tho  first  ratio.  The  first  ratio,  thus  constructed,  is  com- 
pound, (see  Arc.  165,)  ^nd,  by  multiplying  the  factors  in  each  term, 
can  bo  made  a  simple  ratio.  But  it  frequently  lessens  labor,  first  to 
cancel  evei-y  factor  common  to  any  one  of  the  first  antecedent  terms, 
and  any  of  the  other  terms,  as  in  simple  proportion ;  and  then  mul- 
tiply together  the  factors  remaining  in  the  means,  and  divide  the 
product  by  the  product  of  the  factors  remaining  in  the  first  extreme. 

Questions. — 177.  When  is  Compound  Proportion  employed?   How  can  seve 
al  pairs  of  conditions  be  arranged  in  on,e  statement  ? 
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The  following  form   illustrates  a  method  of  statement  and 
solution  preferred  by  many  : — 


As  1  r        i3  to  the 

the  stated  effect,  1  ,  J  demanded  effect, 

50  X 10  X  5,  ^-iz.,  I  •  1  95  X  12  X  8,  viz., 

cubical  contents,  I  I  cubical  contents, 


Eo  is  the 

stated  cause, 

i  men  working 

10  days, 


to  the 
demanded  cause, 
IS  men  working 
how  many  days  ? 


Making  the  product  of  the  means  equal  to  the  product  of  the 
extremes^ 

(95  X  12  X  8)  X  8  X  10  =  (50  X  10  X  5)  X  18  X  Ans.; 

and,  canceling,  we  have  64  X  19  =  75  X  Ans.     Therefore  the 

64X19      1216      ,„_  , 

^^=16 If  days. 


answer  is 


75 


75 


Rule. —  WiHte  for  the  third  term  that  number  lohich  is  of  the 
same  kind  as  the  number  sought.  "^ 

Of  the  remaining  numbers,  arrange  those  of  the  same  kind,  in 
ratios,  as  in  simple  proportion. 

Multiply  together  all  the  numbers  in  the  means,  and  divide  the 
result  by  the  product  of  the  numbers  in  the  first  extreme. 

Note  1. — To  lessen  labor,  cancel,  if  possible,  as  in  Simple  Propor- 
tion. 

Note  2. — This  rule  treats  the  numerical  conditions  of  a  question  as 
abstract  numbers,  affecting  the  answer  by  their  ratio:  since  the  product 
of  men  into  cubical  contents,  &c,,  that  is,  of  one  concrete  number  by  another^ 
is  absurd. 

Note  3. — The  learner  should  solve  the  following  questions  by  Analy- 
sis, Simple-Proportion,  and  Compound  Proportion. 

Note  4. — This  rule  is  often  called  the  ''Double  Rule  of  Three.''' 

Examples  for  Practice. 

2.  If  20  men,  working  10  hours  a  day,  can  build  a  wall  25ft. 
long,  24ft.  high,  and  12ft.  thick,  in  6  days,  how  many  hours  per 
day  must  10  men  work,  to  build  a  wall  50ft.  long,  12ft.  high,  and 
18ft.  thick,  in  18  days  ?  Ans.  10  hours  per  day.' 

3.  If  10  persons  eat  S50  worth  of  flour  in  8  months,  when 
flour  is  S6  a  barrel,  how  many  dollars  worth  will  15  persons  eat 
in  12  months,  when  flour  is  85  a  barrel?  Ans.  S9o.75. 

4.  If  25  men,  in  10  days,  receive  $375  wages,  how  much 
would  15  men  receive  in  30  days,  at  the  same  rate  ? 

Ans.  $675. 


Questions.— 178.  How  do  we  state  and  solve  questions  in  Compound  Pro- 
portion ?  How  does  this  rule  treat  the  numbers  in  quyistions  ?  What  is  the 
rule  often  called  ? 
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5.  If  a  certain  company  pays  150  hands  $187.50  wages  every 
Saturday  evening,  what  must  it  pay  at  a  time  if  it  employs  30 
more  hands  at  the  same  rate,  and  pays  every  4  weeks  ? 

Ans.  $900. 

6.  If  a  marble  block,  2ft.  long,  1ft.  broad,  and  Gin.  thick, 
weighs  1701b.,  what  is  the  weight  of  a  slab  8ft.  long,  20in.  broad, 
and  4in.  thick  ?  Ans.  755|  lb. 

7.  If  71b.  wool  make  8yd.  of  cloth  3  quarters  wide,  how  many 
pounds  will  it  take  to  make  36yd.  6  quarters  wide  ? 

Ans.  631b. 

8.  If  3  bricklayers  can  lay  54  thousand  brick  in  6  days, 
working  *10  hours  a  day,  how  many  can  9  bricklayers  lay  in  24 
days,  working  11  hours  a  day  ?  Ans.  712800. 

9.  If  a  pasture  of  14  acres  can  s]istain  6  horses  5  months,  how 
long  would  12  acres  of  that  land  sustain  8  horses  ? 

Ans.  Bj\  months. 

10.  If  3  compositors,  in  54  days,  working  12  hours  a  day,  can 
compose  10  sheets  of  32  pages  each,  44  lines  in  a  page,  and  52 
letters  in  a  line,  in  how  many  days,  working  10  hours  a  day,  can 
6  compositors  compose  32  sheets  of  12  pages  in  a  sheet,  45  lines 
in  a  page,  and  50  letters  in  a  line  ?  Ans.  SStt^^  days. 

11.  If  $800  gain  $32  in  8  months,  how  much  would  $100 
gain  in  12  months  ?  Ans.  $6. 

12.  If  $100  gain  $6  in  12  months,  how  long  will  it  j^ake  $800 
to  gain  $32  ?  Ans.  8  months. 

13.  If  the  transportation  of  8cwt.  3qr.  175  miles  costs  $35.75, 
what  will  be  the  cost  of  transporting  9cwt.  251b.  285  miles,  at 
the  same  rate?  Ans.  $61.54,8+- 

14.  If  a  certain  cask  by  being  emptied  1092  times  into  a  cis- 
tern, 35ft.  longj  10|ft.  broad,  and  13ft.  deep,  fills  it,  how  many 
sudi  caskfuls  will  fill  a  cistern  16ft.  long,  7ft.  broad,  and  15ft. 
deep?  Ans.  384. 

15.  If  112  measures  of  wheat  fill  a  bin  7ft.  long,  5ft.  wide, 
and  4ft.  deep,  how  deep  must  a  bin,  18ft.  long  by  3f  ft.  wide,  be 
made  in  order  to  contain  240  such  measures  ?  Ans.  4|ft. 

16.  If  it  requires  4500  brick  8in.  long  by  4in.  wide  to  pave, 
with  their  broad  sides,  a  yard  50ft.  long  by  20ft.  broad,  how  many 
brick  will  it  take,  when  laid  on  their  long  edges,  2in.  thick,  to 
pave  a  place  40ft.  long  and  10ft.  broad  ?  Ans.  8600. 
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PARTNERSHIP.  BANKRUPTCV. 

PARTNERSHIP. 

Art*  178.  Paktnership  is  the  association  of  two  or 
more  persons  in  business,  wdth  an  agreement  to  share  the  profits 
or  losses. 

Persons  thus  associated  are  called  partners. 

A  business  association  is  styled  a  Company,  Firm,  and  some- 
times a  House. 

Capital,  sometimes  called  Stock,  is  the  property  employed  in 
business. 

A  dividend  is  that  property,  or  value,  which  is  shared  by  the 
partners. 

An»  assessment  is  a  demand  made  upon  each  partner  to  meet 
his  share  of  a  loss,  or  to  furnish  his  share  of  the  money  used  in 
doing  business. 

The  liabilities  of  a  company  are  its  debts. 

Case  I. 

Art.  1T9.  To  find  each  partner's  share  of  profit,  or  lia- 
bility, when  their  times  of  engagement  are  equaj. 

Ex.  1.  W.  T.  Moorhead  and  J.  Brown  form  a  partnership  with 
a  capital  of  $6500.  Moorhead  furnishes  $4000,  and  Brown 
$2500.  At  the  end  of  a  year,  they  divide  a  gain  of  $2678; 
what  is  each  man's  share  ? 

Ans.  Moorhead  $1648 ;  Brown  $1030. 


Questions. — 178.  What  is  partnership?  Who  are  partners?  What  is  a 
business  association  styled  ?  What  is  capital  ?  What  is  a  dividend  ?  What 
is  a^  assessment? — 179.  How  do  we  find  each  partner's  share,  when  their  time« 
of  engagement  are  equal  ? 


7800 
6500 

13000 
13000 
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Written  Process. 
6500)2678.000(.412 
26000 

Mental  Process. 

If  86500  gain  S2678, 
one  dollar  gains  g^J^^ 
of  $2678;  that  is, 
$0,412;  and $2500 gain 
2500  times  80.412  :tliat 
is,  $1030;   and  SWOO 

.412X2500  =  81030,  Brown's  share.       g^in  4000  times  $0.412 ; 

.4 12X4000  =  SI  6  48,  Moorhead's  share.  ^^^*  ^''  ^^^'^^• 
By  Proportion. 

$6500  :S2500  ::2678  :  1030 

$6500 :$4000 :.2678 : 1648 

Rule. — Divide  the  sum  to  he  shared  hy  the  whole  capitaJ^  to 
find  the  share  for  one  dollar^  or  unit  of  money ;  then  midtiply 
this  quotient  hy  the  capital  of  each  partner^  to  find  his  share. 

Or,  As  the  whole  stock  is  to  any  partner^ s  stock,  so  is  the  whole 
sum  to  he  shared  to  his  share  of  it. 

Proof. — The  sum  of  the  shares  should  equal  the  dividend  or 
assessment. 

Examples  for  Practice. 

2.  Elliot  &  Rose  began  business  with  $12000,  of  which 
Elliot  furnished  $7500,  and  Rose  the  rest.  At  the  end  of  a 
year  they  share  $3472 ;  what  was  each  man's  share  ? 

Ans.  E.  $2170;  R.  $1302. 

3.  At  the  end  of  the  second  year  they  dissolve  partnership, 
sharing  a  loss  of  $864  besides  their  capital.  How  much  was 
assessed  upon  each?  Ans.  E.  $540;  R.  $324. 

4.  Agnew,  Fitch  &  Gould  associated  to  purchase  a  steam- 
boat for  824500;  A.  furnishing  $10250,  F.  $8750,  and  G.  the 
rest.  When  the  "running  season"  ended,  they  had  gained 
$14000,  and  they  dissolved  partnership,  selling  the  boat  for 
$16000.     What  was  each  marKs  share  of  the  dividend? 


Ans.  A.  $12551.02^5 ;  F.  $10714.28,5|;  G.  $6734.601 


5.  The  firm  of  Abel,  Bunn,  Carter  &  Day,  grocers,  divided 
a  gain  of  £583  fOs.  9d.  A.  had  furnished  £178  18s.  <sd.,  B. 
X236  15s.  8d.,  C.  £493  18s.  8d.,  and  D.  £213  17s.  6d.  What 
was  the  share  of  each?  Ans.  A.  £92  18s.  8id.;  B.  £122 

19s.  7id.;  C.  £256  lOs.  9Ad.;  1).  £111  Is.  7fd. 
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G.  A  mining  company,  whose  property  was  represented  by 
10000  shares,  assessed  upon  themselves  835000  to  carry  on  the 
business.     How  much  did  M  pay,  who  owned  45  shares  i' 

Ans.  $157.50. 
Case  II. 

A.rt.  180.  To  find  each  partner's  share  of  profit  or  lia- 
bility, when  their  times  of  engagement  are  not  equal. 

Ex.  1.  The  firm  of  Emmet  &  Langdon  lost  S4240,  whereupon 
they  dissolved  partnership.  E.  had  furnished  §8000  for  16 
months,  and  L.  $7000  for  12  months.  How  must  they  share 
the  loss?  Ans.  E.  $2560;  L  $1680. 

Written  Process.  Mental  Process. 

8000X16  =  128000  $8000    used    16 

7000X12=     84000  months  is  the  same 

amount    of  use   as 

91  9000^494.0  00  f   09  would  be  that  of  16 

4240  00  ^^^th;     that     is, 

$128000       for        1 

02  X  128000  =  825 60,  E.'s  share.  month;   and  S7000 

02  X     84000  =81680,  L.'s  share.  used  12  months  is 

the  same  use  as  12 

By  Proportion.  times   $7000  for  1 

212000  :  128000  ::  84240  :  82560      month;      that      is, 

212000  :     84000  ::  84240  :  81680      S84000  for  1  month. 

Both  these  uses 
amount  to  $212000  for  1  month.  Now,  if  $212000  bear  $4240  loss, 
$1  must  bear  jtzV(T^  of  $4240:  that  is,  $0.02;  and  $128000  must 
bearl28000  times  S0.02  ;  that  is,  $2560 ;  and,  84000  must  bear  84000 
times  $0.02;  that  is,  $1680. 

Rule. — Eeduce  all  the  times  to  the  same  denomination  of 
time.  Multiply  each  partner's  stock  hy  its  time  of  engagement^ 
add  the  products^  and  divide  the  amount  to  he  shared  hy  their 
sum.  By  the  quotient  Tnultiply  each  partner's  product  to  find 
his  share. 

Or,  As  the  sum  of  the  partners'  products  is  to  any  partner's 
product,  so  is  the  sunti  to  he  sharedftto  his  share  of  it. 

Examples  for  Practice. 

2.  The  firm  of  Adams  &  Sumner  began  business  with  815500, 
of  which  A.  furnished  89500,  and  S.  the  rest.     At  the  end  of 

Question. — ISO.  How  do  we  find  e^ch  partner's  share  of  profit  or  liability, 
when  their  times  of  engagement  are  not  equal  ? 
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7  months  they  took  in  Leach  as  a  partner,  who  put  $8000  more 
into  the  concern.     At  the  end  of  9  months  more  they  dissolvvjd 
partne'rship,  and  divided  ^5475.     What  was  the  share  of  each? 
"    Ans.  A.  $2600.62*;  S.  $1642.50;  L.  $1231.87*. 

3.  A,  B,  C,  and  J),  hired  a  pasture  together,  in  which  A 
pastured  3  cows  15  weeks,  B  5  cows  11  weeks,  C  2  cows  13 
weeks,  and  D  4  cows  12  weeks.  They  paid  a  rent  of  $90. 
What  was  the  share  of  each  ? 

Ans.  A  $23.27,5+;  B  $28.44,8+;  C  $13.44,8+;  D  $24.82,7. 

4.  Baker,  Law  &  Periy  did  business  as  follows: — B.  at  first 
paid  in  $4000,  and  6  months  later  $2000  more;  L.  at  first  paid 
in  $3250,  and  9  months  later  $1500  more;  P.  at  first  paid  in 
$4500,  and  6  months  later  drew  out  $2000.  -At  the  end  of  15 
months  they  dissolved  partnership,  and  divided  $7500.  What 
was  the  share  of  each? 

Ans.  B.  $3157.89,4+;  L.  $2338.05,6+;  P.  $2004.04,8+. 

5.  Horton  &  Ingram,  failing  in  business,  dissolved  partnership, 
and  paid  their  liabilities,  amounting  to  $8750.  H.  had  had 
$12000  in  the  concern  1  year,  and  $4000  6  months.  I.  had  had 
$6000  in  the  concern  1  year,  and  $3000  4  months.  How  much 
was  assessed  on  each?        Ans.  H.  $5833.33^;  I.  $2916.661. 

6.  In  a  certain  school  the  whole  attendance  was  equal  to  that 
of  1  pupil  1950  days.  A  had  sent  2  pupils  75  days,  B  3  pupils 
72  days,  C  2  pupils  70  days,  and  1  pupil  85  days.  How  much 
of  $105,  the  whole  cost  of  the  school,  should  be  assessed  upon 
each?  Ans.  A  $8.07y9^;  B  $11.63 J-;  C  $12.11,^^3. 

BANKRUPTCY. 

A.rt.  181.  Bankruptcy,  or  insolvency,  is  inability, 
through  lack  of  property,  to  pay  debts. 

Debtors  are  persons  who  owe.  Creditors  are  persons  to  whom 
debts  are  owed. 

The  assets  of  a  debtor  are  such  portions  of  his  property  as  can 
be  appropriated  to  paying  his  debts. 

Net  proceeds  are  the  value  remaining  after  all  necessary  de- 
ductions. 

An  assignee  is  a  person  selected  to  take  charge  of  the  assets 
of  a  debtor  and  to  apply  them  to  the  payment  of  the  creditors. 

Art.  *18S.  To  find  each  creditor's  share  of  the  assets  of  a 
bankrupt. 

Questions. — 181.  What  is  insolvency?  Who  are  debtors?  Who  are  cre- 
ditors ?     What  are  assets  ?     What  are  net  proceeds  ?    Who  is  an  assignee  ? 
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Ex.  1.  The  assignee  of  F  sells  F's  property  for  $6275.19. 
F  owes  A  $3175.27,  B  $4550,  and  C  $2873.15.  The  assignee 
charges  $250  for  his  trouble.  How  much  do  A,  B,  and  C 
receive?  Ans.  A  $1805.14;  B  $2586.67;  C  $1633.38. 

Written  Process.  Mental  Process. 

$6275.19  —  $250  =  $6025.19  =  net  proceeds.      Deduct  assig- 

$3175.27  =  A's  claim.  nee's     charges, 

4550.      =  B^s  claim.  ^25^'  ^^'^^  /«: 

2873.15  ^  C-s  claim.  -f    ^^^J^,^^ 

$6025.19.  Now, 

10598.42  =  total  claims.  if     $10598.42 

6025.19  -f-  10598.42  =  $0.5685  =  diVd  on  $1.  claims     receive 

$0.5685  X  3175.27  =  $1805.14+  A's  share,  f  P'^^'.,,  ^^^ 

$0.5685  X  4550       =  $2586.67+  B's  share,  ^^l^^''  ^viii    re- 

$0.5685  X  2873.15  =  $1633.38+  C's  share,  of  $6025'.19;  thlt 

is,  $0.5685 ;  and 

By  Proportion.  each        man's 

$10598.42  :  $3175.27  : :  $6025.19  :  $1805.14.      felve   aT  many 
&c.  &c.  &c.  times  $0.5685  a'^3 

the  number  of  dollars  in  his  claim. 

Rule. — Divide  the  net  proceeds  hy  the  sum  of  the  liabilities 
and  multiply  the  quotient  hy  the  claim  of  each  creditor. 

Or,  As  the  sum  of  the  claims  is  to  any  creditor's  claim,  so  are 
the  net  proceeds  to  his  share  of  them. 

Examples  for  Practice. 

2  If  A  fails  for  $25000,  and  the  net  proceeds  of  his  assets 
are  $6250,  how  much  does  B  get,  whose  claim  is  $3000  ? 

Ans.  $750. 

3.  Gr  assigned  to  H  for  the  benefit  of  his  creditors.  He  owed 
A  $2340,  B  $1750,  C  $3260;  his  effects  netted  $4924.50.  Ho^ 
much  can  he  pay  on  a  dollar,  and  how  much  will  each  creditor 
get?  (  Ans.  67cts.  on  $1;  A  $1567.80;  B  $1172.50; 

I      C  $2184.20. 

4.  Knapp  &  Wilson's  liabilities  were  $63500,  assets  $55566, 
and  the  expenses  of  settling  $1591.  How  much  did  they  pay 
on  a  dollar,  and  what  was  E.  Lynch's  share,  whose  claim  was 
$9562.25?  Ans.  85cts.on$l;  $8127.911-. 

Question. — 182.  How  do  we  find  each  creditor's  share  of  the  assets  of  a 
bankrupt  ? 
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CHAPTER  XVI. 

PERCENTAGE  AND  ITS  PRINCIPAL  APPLICATIONS. 

PERCENTAGE. 

Art.  183.  Percentage  treats  of  fhe  expression  an  i  com- 
putation of  numbers  as  hundredths. 

A  certain  percentage  or  per  cent,  of  a  quantity  is  so  many 
hundredths  of  that  quantity.  Thus,  6  per  cent,  of  a  gallon  is  6 
hundredths  of  a  gallon;  8  per  cent,  of  a  person^s  propt3rty  is 
8  hundredths  of  it,  &c. 

Note. — Per  cent,  is  a  contraction  of  the  Latin  js»er  centum,  and  signifies 
by  the  hundred. 

Rate  per  cent,  is  the  number  which  is  compared  wi-h  one 
hundred,  and  expresses  the  number  of  hundredths. 

Note. — Percentage  is  a  quantity,  but  rate  per  cent,  is  a  number  or  ex- 
pression of  hurkiredths. 

Art.  184.  Since  one  hundred  hundredths  of  any  quan- 
tity are  equal  to  the  quantity  itself. 

First,  One  hundred  per  cent,  of  a  quantity  is  that  quantity. 
Thus,  100  per  cent,  of  8  bushels  is  8  bushels. 

Secondly,  Less  than  one  hmulred  per  cent,  of  a  quantity  is 
less  than  thai  quantity.  Thus,  5  per  cent,  of  201b.  is  jj^  of 
^Olb.,  that  is,  lib. ;  and  1  per  cent,  of  a  dollar  is  1  cent. 

Thirdly,  Less  than  one  per  cent,  of  a  quantity  is  less  than 
one-hundredth  of  that  quantity.  Thus,  one-half  per  cent,  of  a 
dollar  is  ^  of  y^^  of  a  dollar,  that  is,  J  of  1  cent. 

Fourthly,  Ilore  than  one  hundred  per  cent,  of  a  quantity  is 
more  than  that  quantity.  Thus,  105  per  cent,  of  a  dollar  is  1 
dollar  and  yj^  of  a  dollar,  that  is,  $1.05 ;  200  per  cent,  of  a 
quantity  is  ttvice  that  quantity;  300  per  cent,  of  a  quantity, 
three  times  that  quantity,  &c. 


Questions. — 183.  Of  what  does  percentage  treat  ?  What  is  a  certain  per., 
centage  of  a  quantity  ?  What  does  per  cent,  signify  ?  What  is  rate  per  cent.  ? 
— 184  How  much  is  100  per  cent,  of  a  quantity?  Less  than  100  per  cent,  of 
•.quantity?  Less  than  1  per  cent,  of  a  quantity?  More  than  100  per  cent, 
of  a  quantity  ? 


\ 
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Art.  185.     Rate  per  cent,  is  usually  written,  when  pos 
sible,  as  a  decimal. 


4  per  cent,  is  written        .04 

5  per  cent.       "  .05 
9  J  per  cent.     "               .095 
1  per  cent.        "                .01 
J  per  cent.       "  .00^  or  .005 
*  per  cent.       "  .00^  or  .00125 


Illustrations. 

i  per  cent,  is  written        .0025 

100  per  cent.  "  1. 

106  per  cent.  "  1.06 

125  per  cent.  "  1.25 

300  per  cent.  "  3. 

5i  per  cent.  "  .05i 


In  business,  the  sign  %  is  often  written  instead  of  the  words 
per  cent."     Thus,  8  per  cent,  is  written  8%. 

Case  I. 

Art.  186.  To  find  any  percentage  of  a  number  or 
quantity. 

Ex.  1.  W.  T.  Moorhead  bought  a  farm  for  $7550,  and  sold  it 
for  8  per  cent,  more  than  he  gave.     How  much  did  he  gain  ? 

Ans.  $604. 

Written  Process.  By  Proportion. 

$7550  100  :8  ::$7550  :  $604 

.08  Or, 

1  :  .08  ;:  $7550: $604 

$604.00 

Rule. — Multiply  the  number  hy  the  per  cent,  expressed  as  a 
decimal. 

Or,  As  1  is  to  the  rate,  so  is  the  given  number  to  the  required 
percentage  of  it. 

Examples  for  Practice. 

2.  How  much  is  1%  of  $250  ?  Ans.  $2.50. 

3.  How  much  is  2%  of  864  ?  Ans.  S1.28. 

4.  How  much  is  5%  of  8257.80?  Ans.  $12.89. 

5.  How  much  is  Sl-%  of  8528.40?  Ans.  $17.17,3. 

6.  How  much  is  4i%  of  8726.63  r  Ans.  $31.48,73. 

7.  How  much  is  6f  %  of  $48.32  ?  Ans.  $3.26,16. 

8.  How  many  are  25%  of  1000  men?  Ans.  250  men. 

Questions.— -185.  How  is  rate  per  cent,  written  ?  What  sign  signifies  per 
cent,  in  business? — 186.  How  do  we  find  a  percentage  of  a  qiiantitj'? 
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9.  If  I  buy  a  house  for  $800,  and  Bell  it  at  a  gain  of  100%, 
how  much  do  I  get  for  it  ?  Ans.  $1600. 

10.  Gr.  Scott  bought  a  share  in  a  mine  for  $42,  and  sold  it  so 
as  to  gain  250%.     How  much  did  he  receive?       Ans.  $11:7. 

11.  S.  Barr  bought  32bu.  of  apples,  and  lost  16f  %  by  decay. 
How  many  remained  for  use  ?  Ans.  26bu.  2|pk. 

12.  A  friend  invested  $3200  for  me,  and  charged  me  |%  for 
his  trouble.     How  much  was  his  due  ?  Ans.   $12. 

Case  II. 

Art.  J  8  7.  To  find  what  per  cent,  one  quantity  is  of 
another. 

Ex.  1.  Of  a  school  of  70  pupils,  14  study  algebra.  What  per 
cent,  of  the  whole  are  they?  Ans.  20%. 

Written  Process.  Mental  Process. 

14==14  of  70  =  1  of  70  =  .20  of  70  One  hundredth  of  70 

Qj,  =  tW  ;    and   14  is    as 

14  V  100 'i4oo 9  0  many  hundredths  of  70 

7XF  X -L^^—    70    —  ^^  as   j\\    are    contained 

By  Proportion.  times  in  14.     Now,  14 

70 -14  ••100-20  '^tV(T=14X  V5**  = 

/  u    1^  .  .  ±uu  .  ^u  j^„„  ^  20  hundredths; 

Or,  that  is,  20  per  cent. 

70:14::1:.20 

Rule. — Multiply  that  number  which  is  called  the  per  cent,  by 
100,  and  divide  the  product  by  that  number  of  which  it  is  called 
ajjer  cent. 

Or,  As  the  quantity  of  which  a  percentage  is  sought  is  to  the 
quantity  which  is  that  percentage,  so  is  1  to  the  rate  required. 

Examples  for  Practice. 

2.  What  per  cent,  of  $16  is  $2  ?  Ans.  12J%. 

3.  What  per  cent,  of  5  gallons  is  Iqt.  ?  Ans.  5%. 

4.  What  per  cent,  of  3  tons  is  501b.  ?    Ans.  |  of  1  per  cent. 

5.  What  per  cent,  of  6yd.  2qr.  is  8  per  cent,  of  25yd.  ? 

Ans.  30  jl  per  cent. 

6.  What  per  cent,  is  given  to  the  miller  for  toll,  if  he  takes 
a  half-peck  from  every  bushel  ?  Ans.  12^%, 

Question. — 187.  How  do  we  find  what  per  cent,  one  number  isi  of  .another  ? 
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7.  What  per  cent,  of  the  weight  of  U.S.  silver  coin  is  the 
weight  of  copper  in  them  ?  Aus.  10  per  cent. 

Case  III. 
Art.  188.     To  find  of  what  quantity  a  given  quantity  is  a 
given  per  cent. 

Ex   1.  Of  what  number  of  pounds  are  161b.  five  per  cent.  ? 

Ans.  3201bs. 

Written  Process.  Mental  Process. 

5:100::  161b.  :3201b.;  Or,16X  'r  =  320     JUtV/—; 
Or,  of  pounds,  that  num- 

.05:1::  161b. :  3201b  ber  must  be  as  many 

times   161b.  as  5  ia 
contained  in  100  ;  that  is,  20  times  161b.,  equal  to  3201b. 

Rule. — Multiply  the  given  number  hy  100,  and  divide  t%e 
product  hy  the  given  rate  per  cent. 

Or,  As  the  given  rate  is  tol,  so  is  the  given  quantity  to  the 
required  quantity. 

Examples  for  Practice. 

2.  Of  what  is  $84  12  per  cent  ?  Ans.  $700. 

3.  Of  how  many  trees  are  15  trees  15  per  cent.  ? 

Ans.  100  trees. 
4."  A  hogshead  of  molasses  leaked  10  gallons,  which  was  6f  % 
of  its  contents.     How  much  remained  in  the  hhd.-? 

Ans.  140  gallons. 

5.  An  army  lost  9^  per  cent,  of  its  men  by  having  380  killed 
in  a  battle.     How  large  was  the  army  after  battle  ? 

Ans.  3620  men. 

Case  IV. 

Art.  189.  To  find  the  quantity  on  which  percentage  is 
reckoned. 

Ex.  1.  I  paid  a  teamster  $3  for  a  load  of  coal,  in  which 
price  he  included  25  per  cent,  as  his  charge  for  delivery.  What 
did  the  coal  cost  him  ?  Ans.  $2.40. 


Question.— 188.  How  do  we  find  of  what  quantity  a  given  quantity  is  a 
given  per  eent  ? 
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Written  Process.  Mental  Process. 

125  per  cent. :  100  per  cent. : :  So  :  ^2.40        Since  $3  includes  the 
Q  cost  and  25  per  cent,  of 

L.^b  .  1  . .  ^.J  .  ^2.4U  cent.,  that  is,  {§§  of  the 

cost.     Now,  as  125  is  to  100,  on  which  it  is  reckoned,  so  is  $3  to  the 
quantity  of  which  it  is  reckoned  125  per  cent. 

Ex.  2.  A  regiment  lost  10  per  cent,  of  its  men  in  a  battle,  and 
had  720  men  left.     How  many  had  it  at  first  ? 

Ans.  800  men. 

Written  Process.  Mental  Process 

100  —  10  =  90  If  10  per  cent,  are  killed,  90  per 

90:100::720:800  cent,   remain.     Now,   as  90  is  to 

100,  80  are  720  men  to  the  number 
of  which  they  are  90  per  cent. 


Or, 
.9:1::720:800 


Rule. — Divide  the  given  numher  hi/  1  increased  hy  the  rate 
per  cent. J  or  hy  1  diminished  hy  the  rate  per  cent.,  as  the  case  re- 
quires. 

0  Examples  for  Practice. 

3.  A  certain  city,  of  24000  inhabitants,  has  increased  20  per 
cent,  in  five  years.     What  was  its  population  5  years  ago  ? 

Ans.  20000. 

4.  A  certain  political  candidate  for  re-election  obtained  9877 
votes,  being  15  pea:  cent,  less  than  he  had  at  first.  How  many 
had  he  at  first?  Ans.  11620. 

Art.  190.  The  principal  commercial  applications  of  per- 
centage are  Taxes,  Insurance,  Commission,  Profit  and  Loss,  Inte- 
rest, Discount,  and  Stocks. 

ASSESSMENT  OF  TAXES. 

Art.  191.  A  Tax  is  a  sum  of  money  required  from  in- 
dividuals by  Government  for  public  purposes. 

Taxes  are  either  direct  or  indirect. 

A  direct  tax  is  a  tax  assessed  directly  upon  the  property  or 
persons  of  taxable  individuals. 

Questions. — 189.  How  do  we  find  the  quantity  on  which  percentage  is 
reckoned .' — 190.  What  are  the  principal  commercial  applications  of  per- 
eoniago  ? — 191.  What  is  a  tax  ?     What  is  a  direct  tax  ? 
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An  indirect  tax  is  a  tax  on  articles  of  consamption  in  their 
transit  from  one  person  to  anotlier. 

Direct  taxes  are  e\\\iQY  poll-taxes  ov proper ty -taxes. 

A  poll-tax,  sometimes  called  a  capitation-tax,  is  a  tax  imposed 
equally  upon  taxable  persons,  without  regard  to  the  amount  of 
their  property. 

Note. — A  poll,  in  law,  is  a  taxable  person. 

A  property-tax  is  a  tax  imposed  at  a  given  rate  upon  the 
value  of  property. 

Property  is  either  real  estate  (yi  personal  property. 

Real  estate  is  fixed  property,  such  as  lands,  houses,  &c. 

Personal  property  includes  all  kinds  of  property  not  fixed,  such 
^&  furniture,  vehicles,  live  stock,  money,  &c. 

An  inventory  is  a  list  of  articles  of  property. 

DIRECT  TAXES. 

Art.  10!^.     To  assess  a  direct  property-tax. 

Ex.  1.  A  certain  town  voted  to  raise  88000  by  a  poll-tax  of 
25  cents,  and  a  property-tax.  The  number  of  taxables  was  848, 
and  the  property  of  the  town  was  assessed  at  §311520.  What 
was  the  tax  on  one  dollar?  Ans.  2 J  cents. 

Written  Process.  Explanation.' 

AW  ^  ^^"^  5  =  $2 1 2  ^t  25  cents  apiece,  848  taxables 

$8000  —  $2 12  =  87 788  would  pav  $212,  leaving  S7788  to 

3  11 5  2  0)  7  7  8  8.0  0  0  (.0  2  5  be  paid  by  a  property-tax.     Now, 

623040  if  S311520  pay  S7788  tax,  $1 

1  p.!=.^(\f\f\  T^'^^^  l^^y  3ttVjo  of  $7788,  that  ig, 

15  57500  SO  025. 

1557600 

Rule. — From  the  sum  to  he  raised  sid>tract  the  amount  to  he 
raked  hy  poll-tax.  Divide  the  remainder  hy  the  assessed  value 
of  the  property  to  he  taxed;  the  quotient  is  the  tax  on  one  dollar^ 
or  unit  of  money. 

Examples  for  Practice. 

2.  Taxables,  596 j  poll-tax,  50  cents;  amount  to  be  raised, 
^1250 ;  property  assessed  at  876160.     What  is  the  tax  on  $1  ? 

Ans.  IJ  cents. 

Questions.— 191.  What  is  an  indirect  tax  ?  What  is  a  poll-tax  ?  What  is 
a  poll  ?  What  is  a  property -tax  ?  What  is  real  estate  ?  What  is  personal 
property?      What    is   an   inventory? — 192.   How   are    direct    property -taxe 
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3..  Taxables,  200 ;  poll-tax,  25  cents ;  amount  to  be  raised, 
$3550 ;  property  assessed  at  $700000.     What  is  the  tax  on  $1  ? 

Ans.  5  mills. 
4.  Taxables,  4500 ;   tax  needed,  S50000 ;   collectors  allowed 
5%;    5%   allowed  for  lost  taxes;    poll-tax,   $1.      How  much 
should  be  assessed  upon  the  property  of  the  inhabitants  ? 

Ans.  $50901.662-1-. 

Art.  103.     To  find  the  amount  of  a  person's  tax. 

Rule. — Multiply  the  assessed  value  of  Ms  property  by  the  tax 
on  one  dollar,  or  unit  of  money ^  and  to  the  product  add  his  poll- 
tax,  when  there  is  any. 

Examples  for  Practice. 

1.  Poll-tax,  25  cents;  tax  on  a  dollar,  2 J  cents;  how  much  is 
Henry  Evan's  tax,  whose  property  is  assessed  at  $18500,  and 
who  pays  for  2  polls?  Ans.  $463. 

2.  Poll-tax,  50  cents;  tax  on  a  dollar,  11  cents;  how  much  is 
Lewis  Mann's  tax,  whose  real  estate  is  assessed  at  $22500,  and 
personal  property  at  $15250,  and  who  pays  for  1  poll? 

Ans.  $472.37*. 

3.  Poll-tax,  25  cents;  tax  on  a  dollar,  5  mills;  Edward  Hay 
is  a  non-resident,  but  has  property  in  the  town  assessed  at  $9875. 
How  much  is  his  tax?  Ans.  $49.37 i. 

4.  Poll-tax,  5s.;  tax  on  one  pound,  2d.;  how  much  is  John 
Bright's  tax,  whose  inventory  amounts  to  ^£15625  10s.  6d.,  and 
who  pays  for  4  polls?  Ans.  £131  4s.  3d.  0.2qr. 

DUTIES,  OR  INDIRECT  TAXES. 

A.rt.  104:.  Duties  are  taxes  imposed  by  government  upon 
merchandise  in  transportation. 

Customs  are  duties  imposed  upon  merchandise  imported  or 
exported. 

Excise  is  an  inland  duty  imposed  upon  articles  manufactured, 
sold,  or  consumed. 

A  tariff  is  a  list  of  duties. 

Revenue  is  the  income  derived  from  duties  and  other  sources. 

A  custom-house  is  a  house  or  ojfice  where  is  performed  the 
government  business  concerning  imports,  exports,  and  duties. 

Questions. — 193.  How  do  we  find  the  amount  of  a  person's  tax  ? — 194.  What 
are  duties?  What  are  customs ?  What  is  excise?  What  is  a  tariflF?  What  ia 
revenue  ?     What  is  a  custom-house  ? 
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An  invoice,  or  a  manifest,  is  a  written  account  of  the  articles 
of  mercliandise  transported. 

Duties  on  imported  goods  are  either  specific  or  ad  valorem. 

A  specific  duty  is  a  duty  imposed  upon  a  definite  quantity  of 
an  article,  without  reference  to  its  value. 

An  ad  valorem'^  duty  is  a  duty  defined  as  a  certain  per  cent, 
of  the  cost  of  an  article. 

SPECIFIC   DUTIES. 

Art.  19^*  In  estimating  specific  duties,  certain  deduc- 
tions, or  allowances,  are  sometimes  made  for  the  weight  of  that 
which  contains  the  merchandise,  or  for  waste  in  transportation. 

Gross  weight  is  the  weight  of  the  goods  with  the  thing  which 
contains  them. 

Net  loeigJit  is  the  weight  remaining  when  the  proper  deduc- 
tions from  the  gross  weight  have  been  made. 

Breakage  is  a  deduction  for  loss  by  breaking. 

Leakage  is  a  deduction  for  waste,  allowed  on  liquors  in  casks, 
when  taxed  by  thQ  gallon. 

Tare  is  an  allowance  for  the  weight  of  the  thing  containing 
the  goods. 

Draft,  or  Tret,  is  an  allowance  for  refuse  matter,  or  for  waste 
in  the  weight  of  goods  caused  by  handling  them. 

Art.  196.  To  find  the  specific  duty  on  a  given  quantity 
of  merchandise. 

Ex.  1.  What  is  the  duty  on  35  cases  of  indigo,  each  weighing 
1951b.;  tare  being  15%;  duty  5cts.  per  lb.?     Ans.  ^290.06i. 

Written  Process. 
1951b.  X  35  =  682  51b.  gross  wt. 

.85  =  100  per  cent,  less  tare. 


34125 
54600 


5801.25  1b.  netwt. 
.05  rate  of  duty. 


$290.062  5  =  total  duty. 
*  The  words  ad  valorem  are  Latin,  meaning  according  to  the  value. 

Questions. — 194.  What  is  an  invoice  or  manifest?     What  is  a  specific  duty? 
What  is  an  ad  valorem  duty  ? — 195.  What  is  gross  weight  ?     What  is  net  weight? 
What  is  breakage  ?     What  is  leakage  ?     What  is  tare  ?     What  is  draft  or  trgt 
—196.  How  do  we  find  the  specific  duty  on  a  given  quantity  of  merchandise? 
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KuLE. — First  make  all  the  required  deductions  from  the  given 
quantity,  then  multiply  the  remainder  hy  the  duty  on  a  unit  of 
the  same. 

Examples  for  Practice. 

2.  What  is  the  duty  on  100  hogsheads  of  molasses,  each  con- 
taining, per  invoice,  175  gallons;  leakage  being  2%,  and  duty 
being  10  cents  per  gallon?  Ans.  $1715. 

3.  What  is  the  duty  on  25  boxes  of  sugar,  each  weighing 
6001b.;  tare  being  10%;  duty  2  cents  per  lb.?       Ans.  $270. 

4.  What  is  the  duty  on  1000  dozen  of  bottles  of  porter,  allow- 
ing a  dozen  to  contain  2|  gallons,  and  10%  for  breakage,  the 
duty  being  10  cents  per  gallon?  Ans.  $247.50. 


AD  VALOREM   DUTIES. 

Art.  197.  To  find  the  ad  valorem  duty  on  a  given  quantity 
of  merchandise. 

Rule. — From  the  quantity  stated  in  the  invoice  deduct  the 
actual  iDcight  of  that  which  contains  the  goods,  and  the  actual 
waste  or  damage  of  them,;  then  find  that  percentage  of  the 
invoiced  value  of  the  remainder  which  is  mentiojied  in  the  tariff 
for  that  article. 

SELECTIONS   FROM   THE   U.S.  TARIFF   OF   1857. 

AD  VALOREM. 


30  per  cent. 

24  per  cent. 

1.5  per  cent. 

8  per  cent. 

Almonds. 

Ale. 

Alum. 

Camphor. 

Braudy. 

Carpeting. 

Arrow-root. 

Currants. 

Cut  Glass. 

Cutlery. 

Beeswax. 

Dates. 

Cigars. 

Earthen-ware. 

Chocolate. 

Figs. 

Snuff. 

Hemp. 

Gunpowder. 

Furs. 

Wines. 

Ink. 
Iron. 

Lard. 

Lead. 

Lemons. 
Limes. 

4  per  cent. 

Soap. 

Leather 

Oranges. 

Sugar. 

Linen. 

Pineapples. 

Chalk. 
Cloves. 

Wool. 

Marble. 

Prniies. 

Cochineal. 

19  per  cent. 

Opium. 

Sponges. 

Coeoa. 

IJico. 

Tallow. 

Indigo. 

Buttons. 

Ilhubarb. 

Mace. 

Cotton  lace 

Starch. 

12  per  cent. 

Nutmegs. 

H;ur  cloth. 

Wheat 

Slates. 

Steel. 

Tin  foil. 

Question. — 197.  How  do  we  find  the  ad  valorem  duty  on  a  given  quantity 
of  merchandise? 
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From  the  foregoing  specificatiorxS  of  duties,  solve  the  following 
Examples  for  Practice. 

1.  "What  is  the  duty  on  10  sacks  of  almonds,  invoiced  at  S50 
per  sack?  Ans.  $150. 

2.  What  is  the  duty  on  15  casks  Port  wine,  invoiced  as  con- 
taining 45  gallons  each,  but  actually  gauging  on  the  average  40 
gallons,  invoiced  price  being  $2.75  per  gallon?       Ans.  $495. 

3.  W^hat  is  the  duty  on  50  rolls  Brussels  carpeting,  invoiced 
at  an  aggregate  of  $11500,  the  collector  allowing  $3500  for 
damages  on  shipboard?  Ans.  $1920. 

4.  Allen  &  France  imported  1000  drums  figs  averaging 
Sjlb.  per  drum,  tare  10%,  @  12cts.  per  lb.;  50  boxes  lemons, 
invoiced  @  $4  per  box;  25  boxes  oranges  @  $3.50  per  box; 
30  frails  dates  @  $18  per  frail;  10  bbl.  currants  @  $30  per 
bbl.;  5  seroons  indigo  (^  $100  per  seroon;  5  cases  nutmegs  @ 
$87  per  case;  20  kegs  prunes,  invoiced  at  $12.50  per  keg,  but 
50  per  cent,  allowed  by  the  collector  for  damage;  300  boxes 
Malaga  raisins  @  $2.50  per  box;  and  10  sacks  cocoa,  each 
weighing  1621b.,  tare  3*^,  @  18  cents  per  lb.  How  much 
duty  did  Allen  &  France  pay?  Ans.  $282.35,44-. 

5.  Clifford  &  Dewey  imported  10  tons  bar  steel  @  $380  per 
ton;  100  tons  bar  iron  @  $60  per  ton;  and  20  boxes  cutlery, 
invoiced  in  the  aggregate  at  $8000.     What  duty  did  tljey  pay? 

Ans.  $3756. 

6.  Bryan  &  Ogden  imported  75  boxes  linen,  all  invoiced  at 
$22500;  5  packages  needles,  all  invoiced  at  $500;  and  100  gross 
buttons,  all  invoiced  at  $2500.  What  duty  did  they  pay,  the 
collector  allowing  20  per  cent,  on  the  linen,  for  damage  by 
wetting?  Ans.  $3250. 

mSDRANCE. 

Art.  198.  Insurance  is  security  against  pecuniary  loss, 
pledged  by  one  party  to  another. 

The  lyremium  of  insurance  is  that  per  cent,  of  the  amount 
insured,  which  is  paid  by  the  party  who  receives  insurance  to 
the  party  who  gives  it. 

The  policy  of  insurance  is  the  written  contract  between  the 
insuring  and  the  insured  parties. 

Insurance  has  different  names,  such  as  Fire  Insurance, 
Marine  Insurance,  Health  Insurance,  Life  Insurance,  &c. 

Questions.— 198.  What  is  insurance?  What  is  the  premium ?  What  is  the 
policy  ? 
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Fire  Insurance  is  security  against  pecuniary  loss  by  fire  or 
lightning. 

Marine  Insurance  is  security  against  pecuniary  loss  by  the 
perils  of  navigation. 

Health  Insurance  secures  an  allowance  of  money  during  the 
sickness  of  the  party  insured. 

Life  Insurance  secures  a  specified  sum  of  money  to  certain 
specified  survivors,  on  the  death  of  the  party  insured. 

Case  I. 
Art.  109.     To  compute  the  premium  for  a  specified  time. 
Ex.  1.  Oliver  Bush  got  his  house  insured  for  $1800  for  one 
year,  at  IJ  per  cent,  premium.    How  much  premium  did  he  pay? 

Ans.  $27. 
Written  Process. 
$1800 
.015  Rule. — Find  the  specified  per  cent,  of  the 
amount  insured. 


$27,000 


Examples  for  Practice. 


2.  J.  Miner  took  out  a  policy  of  $1500  for  his  shop  for  9 
months  at  the  rate  of  3  per  cent,  per  annum.  What  premium 
did  he  pay?  Ans.  $33.75. 

3.  Charles  Snow  had  on  the  ocean  a  shipment  invoiced  at 
$918.75,  and  took  out,  at  5  per  cent,  premium,  a  policy  of  in- 
surance for  its  safe  delivery.  How  much  did  he  pay?  and  on 
the  ship's  being  lost,  what  was  the  loss  of  the  Insurance 
Company?  Ans.  $45.93f;  $872.81  J. 

Case  II. 

Art.  SOO.     To  find  the  rate  per  cent,  of  premium. 
Ex.  1.  The  Hopewell  Insurance  Co.  offered  to  take  a  risk  of 
$3500  on  A.  Catlin's  store  and  goods,  for  $70,  for  one  year. 
What  was  the  rate  of  premium?  Ans.  2  per  cent. 

Written  Process.  Mental  Process. 

3  5  0  0  )  7  0.0  0  (  .0  2         Since  the  premium,  $70,  is  the  product  of 
70  00  $3500  into  rate,  it  is  plain  that  rate  is  ob- 

tained  by  dividing  the  produet  $70  by  one 

factor  $3500. 

Questions. — 198.  What  is  Fire  Insurance?  Marine  Insurance ?  Health.  In- 
surance ?  Life  Insurance  ? — 199.  How  do  we  compute  the  premium  for  a  speci- 
fied time? — 200,  How  do  we  find  the  rate  per  cent,  of  premium  ? 
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Rule. — Divide  the  premium  hy  the  amount  insured. 

Examples  for  Practice. 

2.  J.  Miner's  policy  of  $1500  for  9  months  cost  him  $33.75 
What  was  the  rate  per  annum?  Ans.  3  per  cent. 

3.  C.  Snow's  premium  for  a  shipment  of  $918.75  was  $45.93f . 
What  was  the  rate  per  cent. ?  Ans.   5%. 

Case  III. 

Art.  301.  To  find  what  sum  must  be  insured,  so  as  to 
cover  all  the  expenses  of  insurance. 

Ex.  1.  F.  Munson's  buildings  cost  him  $7898.  If  he  takes 
out  a  policy  of  insurance,  for  how  much  must  it  be  to  cover  the 
property,  and  the  policy  which  cost  him  $2,  and  the  premium  at 
5  per  cent.?  Ans.  $8315.78,9-[-. 

Process  Indicated.  Mental  Process. 

$7898  -f  $2  =  $7900  If  Munson  pays  5  cents,  and 

$7  900-=-. 9  5  =  831 5.7  8,94-     in  case  of  loss  receives  $1  for  it, 

he  really  has  only  the  balance, 

Or  by  Proportion.  95  cents.     Now,  if  95  cents,  re- 

.95  :  1  :  :  $7900  :,$8315.78,9-f  ceived  in  case  his  buildings  are 

destroyed,  require  that  $1  be  in- 
sured, 17900  received  for  what  the  buildings  and  policy  cost  him  will 
require  the  insurance  of  as  many  dollars  as  95  cents  are  contained 
times  in  $7900. 

Rule. — Add  together  the  value  of  the  property  and  the  ex- 
penses of  insuring  it,  and  divide  the  sum  hy  1  diminished  by 
the  rate  per  cent,  of  insurance. 

Examples  for  Practice. 

2.  Marvin  Johnston's  factory  cost  him  $43500.  For  how 
much  must  he  insure  it  to  recover  its  cost  and  all  expenses,  the 
policy  costing  $2,  and  the  premium  being  4i  per  cent.  ? 

Ans.  $45551.83,2-f . 

3.  Homer  Morris  ventured  in  a  ship  and  cargo  $24800.  For 
how  much  must  he  take  out  a  policy,  to  recover  all  losses  if  the 
vessel  is  wrecked,  the  policy  costing  $5,  and  the  premium  being 
at  8  per  cent.  ?  Ans.  $26961.95,6+. 

Question. — 201.  How  do  we  find  the  sum  to  be  insured  to  cover  all  losses  ? 
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COMMISSION  AND  BROKERAGE. 

Art.  202.  C031MISSION  is  an  allowance  to  a  person  foi 
transacting  another's  business. 

An  agent  or  factor  is  a  person  intrusted  with  the  business  of 
another. 

A  broker  is  an  agent  who  mediates  between  the  buyer  and 
seller  of  stocks,  notes,  bills  of  exchange,  and  some  other  kinds 
of  property.     Brokerage  is  the  commission  of  a  broker. 

G^oods  sent  to  an  agent  are  often  called  a  consignment. 

A  consignor  is  a  sender  or  maker  of  a  consignment. 

A  consignee  is  an  agent  who  receives  a  consignment. 

Case  I. 

Al't.  903.  To  find  the  commission  or  brokerage  on  a 
given  sum. 

Ex.  1.  Daniel  Sparks  bought  for  me  82bbl.  of  pork  at  $18 
per  bbl.,  and  charged  me  2%  commission.  How  much  had  I  to 
pay?  Ans.  $29.52. 

Process  Indicated.  Rule. — Find  the  specified  per  cent. 

8  2  X  $1 8  =  $1 4 7  6  0/  the  sum  on  which  commission  is 

$1476X.02  =  $29.52     charged. 

Examples  for  Practice. 

2.  F.  Farley  sold  for  R.  Miller  his  consignment  of  15  bales 
satinet,  realizing  $4500.  What  was  Farley's  commission  at  3  J 
per  cent.  ?  Ans.  $157.50. 

3.  J.  Sergeant  sold  for  S.  Grano  25doz.  hats  at  an  average  of 
$40  per  doz.     What  was  Sergeant's  commission  at  5  per  cent.  ? 

Ans.  $50. 

4.  Adams  &  Van  Horn  consigned  20bbl.  coal-oil  to  B.  Pome- 
roy,  who  retailed  it  at  $45  per  bbl.  What  was  Pomeroy's  com- 
mission at  4  per  cent.  'I  Ans.  $36. 

5.  Z.  Holmes  &  Co.  sold  for  N.  Vattell  72  shares  of  the  X. 
R.  R.  Company's  stock  for  $35  per  share.  What  was  their 
brokerage  at  i  per  cent.  ?  Ans.  $3.15. 


Questions. — 202.  What  is  commission?    What  is  an  agent  or  factor?    What 
13  a  broker?     What  is  brokerage?     What  is  a  consignment?     A  consignor? 
A   consignee? — 20,3.    How   do   we   find   the   commission   or   brokerage   on 
given  gum  ? 
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Case  II. 

Art.  204L,  To  find  the  commission  or  brokerage,  when  it 
is  included  in  a  given  sum 

Ex.  1.  An  agent  received  82500  to  buy  wheat,  after  deduct- 
ing his  commission  at  5%.  What  sum  did  he  lay  out,  and  how 
much  was  his  commission  ? 

Ans.  Laid  out  $2380.95,2+3  Com.  $119.04,7+. 

Process  Ixdicated.  Mental  Process. 

1.05  :  1  :  :  $2  500  :  $2380.95,2+  The  agent  should 

$2  5  0  0  —  S2  3  8  0.9  5,2+  =  $1 1 9.0  4,7+  charge  commission 

Proof.  $23  80.95,2  X  -05  =.  119.047+       only  on  the  amount 
and  $2380.95,2  +  $119.04,7+  =  $2  500.    ^?  expends,   femce 
'      '  J     I  ^  jiig   commission  is 

included  in  the  $2500,  he  should  not  get  5%  of  that  sum.  Every 
dollar  of  the  $2500  includes  $1  laid  out  +  5  cents  commission. 
Therefore  there  will  be  as  many  dollars  laid  out  as  $1.05  is  contained 
times  in  $2500_^;  that  is,  $2380.95,23+.  This  subtracted  from  $2500 
gives  $119.04,7,  his  commission. 

Rule. — Divide  the  given  sum  hy  1  increased  hy  the 'per  cent, 
of  commission:  the  quotient  is  the  part  invested. 

From  the  given  sum  subtract  the  part  invested:  the  remainder 
is  the  commission. 

Examples  for  Practice. 

2.  Wm.  Wolfi"  sent  to  Trevor  &  "Wise,  commission-merchants, 
$5000  to  be  expended  for  cotton,  allowing  them  a  commission 
of  2%.     What  were  their  commission,  and  the  sum  expended? 

Ans.  Exp.  $4901.96+ ;  Com.  $98.04. 

3.  C.  Clarke  sends  Field  &  Dunn  $659.20  to  be  expended,  if 
possible,  for  oats  at  20cts.  per  bushel,  after  deducting  3%  for 
commission.  If  they  succeed,  how  many  bushels  do  they  pur- 
chase ?  Ans.  3200  bushels. 

4.  If  I  send  $10500  to  Hall  &  Murray  to  expend  for  bacon, 
after  deducting  their  commission  of  5  ^ ,  how  much  will  be  their 
commission,  and  how  much  will  remain  to  be  expended  as  de- 
sired ?  Ans.  Com.  $500 ;  Exp.  $10000. 


QuE«TioN. — 204.  How  do  we  find  the  commission  when  it  is  included  in  a 

civcn  sum? 
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PROFIT  AND  LOSS. 

Art.  205,  In  mercantile  transactions,  gain  and  loss  are 
usually  estimated  as  a  percentage  of  the  sum  invested. 

Case  I. 

Art.  S06.  To  find  the  actual  gain  or  loss,  when  the  cost 
and  rate  are  known. 

Ex.  1.  Harlow  Childs  bought  a  piece  of  land  for  $750,  and 
was  at  once  offered  5%  for  his  bargain.  How  much  did  he 
make  by  accepting  the  offer  ?  Ans.  $37.50. 

Written  Process. 
$750 
.05  ,       Rule. — Find  the  specified  per  cent. 

of  the  cost. 

$37.50 

Examples  for  Practice. 

2.  T.  Robertson  invested  $425  in  wheat,  and  sold  out  in  a 
short  time  at  100  per  cent,  advance.     What  was  his  profit  ? 

Ans.  $425. 

3.  Philip  Wendell  began  the  year's  trade  with  $984,  and,  by 
good  fortune,  closed  it  at  a  profit  of  275%.  How  much  did  he 
make?  Ans.  $2706. 

4.  H.  Fowler  gave  $40  per  share  for  15  shares  of  railroad- 
stock,  and  consigned  them  to  Page  &  Randolph  for  sale  at  10% 
less  than  he  gave.  They  charged  him  J  per  cent,  brokerage. 
What  was  his  whole  loss  ?  Ans.  $62.70. 

5.  Harlan  Foster  bought  475bbl.  flour  at  $5.62J  per  bbl.,  and 
gold  them  at  a  loss  of  20%.     What  was  his  actual  loss  ? 

Ans.  $534.37i 

6.  A  gave  $5000  for  a  city  lot,  and  sold  to  B  at  10  %  ad- 
vance; and  B  sold  it  to  C  at  5%  advance.     What  did  C  give? 

Ans.  $5775. 

7.  A  gave  £1  5s.  per  bbl.  for  flour,  and  sold  to  B  at  2%  ad- 
vance ;  then  B  sold  to  C  at  2  %  loss.     What  did  C  give  ? 

Ans.  £1  4s.  lid:  3+qr. 

Questions. — 205.  How  are  gain  and  loss  estimated  in  trade? — 206.  How  do 
we  find  the  actual  gain  or  loss  when  the  cost  and  rate  are  known  ? 
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Case  II. 
Art.  207.     To  find  the  rate  per  cent,  of  gain  or  loss,  when 
the  cost  and  actual  gain  or  loss  are  known. 

Ex.  1.  E.  Marlin  gave  $150  for  a  horse,  and  sold  him  imme- 
diately for  $175.     What  rate  of  profit  (Jid  he  realize  ? 

Ans.  16f  per  cent. 


Process  Indicated. 

175 
'       150 

150)25.00(.16f 

By  Proportion. 
ei50:$l::$2  5:.l( 


Mental  Process. 
The  gain  is  $25.  Therefore  $150  gains 
tVj,  that  is,  ^  of  itself.  But  ^Vu  o^  i, 
reduced  to  hundredths,  =  .16f .  Or,  as 
$150  is  to  $1,  so  is  $25  (gained  by  the 
$150)  to  what  is  gained  by  $1. 


Ex.  2.  I  bought  a  lot  of  sugar  for  $1600;  but  it  got  damaged, 
and  I  sold  it  for  $1200.  What  per  cent,  of  my  money  did  I 
lose?  Ans.  25%. 


Process  Indicated. 
$1600 

$1200 

1600)400.00(.25 

By  Proportion. 
$1600:$1::400:.25 


Mental  Process. 
The  loss  is  $400.  Therefore  $1600 
loses  •jVo'V'  that  is,  i  of  itself.  But 
4^^o^  or  I,  reduced  to  hundredths, 
=  .25.  Or,  as  $1600  is  to  $1,  so  is 
$400  (lost  by  the  $1600)  to  what  is 
lost  by  $1. 


Rule. — Annex  ciphers  to  the  actual  gain  or  loss,  and  divide 
by  the  cost. 

Examples  for  Practice. 

3.  L.  Kilburn  bought  25650  feet  of  lumber,  at  $19.20  per 
thousand,  and  sold  it  at  $25  per  thousand.  What  was  his  rate 
of  profit  ?  Ans.  ^0^\  per  cent. 

4.  If  I  buy  muslin  at  8  cents  per  yd.,  and  sell  it  at  7  cents 
per  yd.,  what  do  I  lose  per  cent.  ?  Ans.  12J  per  cent. 

5.  If  I  buy  cofi"ee  at  12|cts.  per  lb.,  and  sell  it  at  13cts.  per 
lb.,  what  do  I  gain  per  cent.  ?  Ans.  4%. 


Question.— 207.  How  do  we  find  the  rate  per  cent,  of  gain  or  loss  when  th 
cost  and  actual  gain  or  loss  are  known  ? 
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Case  III. 

Art.  208.     To  find  that  selling  price  wliicli  will  realize  a 
certain  per  cent,  gain  or  loss,  wlien  the  cost  is  known. 

Ex.  1.  A  merchant  bought  a  lot  of  shawls  at  $16  apiece 
How  must  he  sell  them  so  as  to  gain  25  per  cent.  ? 

Ans.  $20  apiece. 

Written  Process.  Mental  Process. 

$1 6  X  -2  5  =  H  gain.  i     25  fo  of  the  cost  is  $4 ;  which, 

,  $1 6  +  $4  =  $2  0  price.  added  to  the  cost,  gives  .$20  the 

Or,  $1 6  X  1-2  5  ==  $20  selling  price.    Or,  if  $1  becomea 

„           _  $1.25,  $16  will  become  16  times 

Or,  by  Proportion.  ^^  25,  that  is,  $20. 
1:1.25::  $16:  $20 

Ex.  2.  A  grocer  bought  a  lot  of  apples  for  $15,  but  had  to 
sell  them  at  20  %  loss.     What  did  he  get  for  them  ? 

Ans.  $12. 

Written  Process.  Mental  Process. 

$1 5  X  -2  0  =  $3  loss.  20^  of  the  cost  is  $3,which,  taken 

^15 — ^3  =  $12  price.  from  the  cost,  gives  $12  the  selling 

Or   1' .2  0  =  .80  price. 

<Rl'  ^  x^   Q  A ©-(9  Or,  if  that  which  cost  $1  sells  for 

^i  o  X  .^  ^  —  ^i  -  $1  —20  cents,  that  is,  80  cents,  then 
that  which  cost  $15  will  sell  for  15 

Or,  by  Proportion.  times  80  cents,  that  is,  $12. 
1:1  — .20::$15:$12 

Rule. — Find  the  specified  per  cent,  of  the  cost ;  add  it  to  the 
cost  in  case  of  gain,  and  subtract  it  from  the  cost  in  case  of  loss. 

Examples  for  Practice. 

3.  If  I  buy  flour  at  $4.75  per  bbl.,  how  must  I  sell  it  per  bbl. 
to  gain  12%?  Ans.  $5.32. 

4.  If  I  buy  calico  at  lOcts    per  yd.,  how  must  I  mark  it  for 
sale  to  realize  25%  ?  Ans.  12^cts. 

5.  Selling  off  to  close  business,  how  much  must  I  mark  Knen 
that  cost  me  56cts.  so  as  to  lose  12^  per  cent.  ?       Ans.  49cts. 

6.  I  am  willing  to  lose  10  per  cent,  on  ginghams  that  cost  me 
20cts.     How  must  I  mark  them  ?  Ans.  IScts. 

Question. — 208.  How  do  we  find  that  price  which  will  realize  a  certain  por 
cent,  gain  or  loss  ? 
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7.  R.  Elmore  buj^s  certain  books  at  90cts.  apiece.  How  shall 
he  "mark  them  to  be  able  to  throw  off  10  %  to  his  customers,  and 
still  gain  10%  on  his  purchase-money?  Ans.  SI. 10. 

Note.— 10%  of  90cts.  is  9cts.  ;  and  90-f  9  =  99cts.  he  must  get.  for 
his  book.  Now,  99cts.  are  90  fo  of  what  he  is  to  ask,  since  he  is  to 
throw  off  10  fo  of  that  price.     Hence,  .90  :  1 : :  99cts.  :  $1.10. 

8.  How  shall  I  mark  silks  that  cost  me  81  to  be  able  to  allow 
my  customer  5%  off,  and  still  make  33%  ?  Ans.  §1.40. 

9.  TVhaf  must  goods  which  cost  $4.50  be  marked  that  the 
seller  may  give  10%  off,  and  still  make  20%  ?  Ans.  $6. 

Case  IV. 

Art.  ^00.  To  find  the  cost,  when  the  selling  price  and 
rate  of  gain  or  loss  are  known. 

Ex.  1.  If  I  sell  muslin  at  12cts.  a  yd.,  and  thereby  gain  20%, 
what  did  it  cost  me  ?  Anus.  lOcts. 

Process  Indicated.  Mental  Process. 

1  2cts.  -^1.20  =  1  Octs.  If  lirffCts-   are  returned  by  1 

cent   outlay,    then   12cts.   are    re- 

Or,  by  Proportion.  turned  by  as  many  cents  as  1.20  is 

1.2  0  : 1  : :  1 2cts.  :  1  Octs.  contained  times  in  12,  that  is,  by 

lUcts. 

Ex.  2.  Sold  a  lot  of  wheat  for  S1872.45,  thereby  losing  10% : 
what  did  I  give  for  the  wheat?  Ans.  $2080.50. 

Process  Indicated.  Mental  Process. 

$1 8  7  2.4  5  ^  .9  0  =  12  0  8  0.50  At  10^  loss,  $1  returns  me 

lOOcts.  —  lOcts.,  that  is,  90cts. 

Or,  by  Proportion.  '        ^J^^''^  ^Pil'Vo"'!'?  ^^*^^^^^  ^J 

SI,  then  S1872.45  are  returned 
.9  0 : 1 ::  SI  8  7  2.4  5  :  $2  0  8  0.5  0       by  as  many  dollars  as  90cts.  are 

contained  times  in  $1872.45. 

Rule. — Divide  the  selling  price  hy  1  increased  hy  the  gain  per 
cent. J  or  hy  1  diminished  hy  the  loss  per  cent. 

Examples  for  Practice. 

3.  Sold  paper  at  15cts.  per  quire,  thereby  gaining  50%.  What 
did  the  paper  cost  me  ?  Ans.  lOcts.  per  quire. 

Question. — 209.  How  do  we  find  the  cost  when  the  selling  price  and  rate  of 
gam  or  loss  are  known  ? 
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4.  Sold  nails  at  4  Jets,  per  lb.,  thereby  losing  25%.   What  did 
I  give  ?  Ans.  Gets,  per  lb. 

5.  Sold  a  lot  for  $640,  thereby  realizing  33i^  per  cent.    What 
did  I  give?  Ans.  $480. 

6.  M.  Powell  sold  his  cottage  for  £756  14s.,  thereby  losing 
12  J  per  cent.     What  did  it  cost  him  ?  Ans.  £864  16s. 

Case  V. 

Art.  310.     To  find  the  rate  of  gain  or  loss  at  another 
price,  when  the  selling  price  and  rate  of  gain  or  loss  are  known. 

Ex.  1.  If  I  sell  wheat  at  80cts.  a  bushel,  and  thereby  gain 
25%,  what  per  cent,  should  I  make  by  selling  it  at  96cts.  ? 

Ans.  50%. 

Process  Indicated.  Explanation. 

80cts.  -T-  1.2  5  =  64cts.,  cost.  We  find  the  cost  by 

96cts.  — 6  4cts.  =  3  2cts.,  supposed  gain.  Case  IV.     Then,  at  96 

3  2cts.  -- 6 4cts.  =  .5  0  =  per  cent,  that      ^ts    the  gain  is  32cts  ; 

supposed  gain  is  of  cost.  e^t  ^tL^' clf  if 

Rule. — Find  the  cost;  then  the  actual  gain  at  the  proposed 
selling  price  ;  then  the  per  cent,  which  this  is  of  the  cost. 

Examples  for  Practice. 

2.  If  a  lot  which  is  sold  at  $990  realizes  10%  gain,  what  per 
cent,  would  it  gain  if  sold  at  $1050  ?  Ans.  16|  per  cent. 

3.  If  goods  which  are  sold  at  $2.60  gain  4%,  what  would  be 
the  per  cent,  if  sold  at  $2  ?  Ans.  20%  loss. 

4.  If  property  which  is  sold  at  $420  realizes  250%,  what 
would  be  the  per  cent,  if  sold  at  $660  ?  Ans.  450%  gain. 

5.  If  goods  which  are  sold  at  21cts.  gain  133^  per  cent.,  what 
would  be  the  per  cent,  if  sold  at  6cts.  ? 

Ans.  33i  per  cent.  loss. 

6.  If  a  share  in  a  bank  is  sold  for  $49.75,  at  ^%  loss,  what 
would  be  the  per  cent,  if  sold  at  $49.62J?  Ans.  f%  loss. 

7.  If  a  share  in  a  bank  is  sold  for  $49. 62 J,  at  f  %  loss,  what 
would  be  the  per  cent,  if  sold  at  $50.12^  ?         Ans.  i%  gain. 


Question. — 210.  How  do  we  find  the  rate  at  a  supposed  selling  price,  whea 
that  at  another  is  known  ? 
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INTEREST. 

Art.  311.  Interest  is  a  compensation  paid  by  the  bor- 
rower to  the  lender,  for  the  use  of  money.  It  is  reckc^ed  as  a 
percentage  of  the  sum  lent,  and  pays  for  its  use  a  certain  period 
of  time,  as  a  month  or  a  year. 

The  principal  is  the  sum  lent. 

The  amount  is  the  sum  of  the  principal  and  interest. 

The  rate  per  cent,  is  the  sum  paid  for  the  use  of  100  units  of 
money  for  a  period  of  time.  Thus,  Gets,  paid  for  the  use  of 
lOOcts.,  or  $6  for  the  use  of  $100,  for  a  year,  is  called  six  per 
cent,  per  annum  ;  and  81  paid  for  the  use  of  $100  for  a  month 
is  called  one  per  cent,  a  month. 

Note. — Fer  annum  is  Latin,  signifying  by  the  year. 

Legal  interest  is  the  rate  prescribed  by  law. 

Usury  is  any  rate  of  interest  greater  than  the  legal  rate. 

Table 

Op  Legal  Rates  op  Interest  Pes  Annum  jor  the  Year  1859. 


England 

France 

Louisiana 

Florida 

Illinois 

Arkansas  

Iowa 

Michigan 

Wisconsin 

Washington  Ter. 
Utah  Territory... 
Kansas  ^^rritory 
New  York 


When  par- 
ties fix  no 
rate. 


5  per  cent. 

5 

5 


7 
7 
No  limit.     I 


7  per  cent. 


Parties  al- 
lowed by 
agreement. 


8  per  cent. 

8  "  " 

10  "  " 

10  "  " 

10  "  " 

10  "  « 

12  "  « 


Georgia 

South  Carolina. 

Texas 

Alabama 


Mississippi. 


iCalifornia 

lOregon 

IJMinnesota 

liNew  Mexico 

I  Other  States.... ") 

II  U.S j 


When  par-    Parties  al- 
lies fix  no       lowed  by 
rate.         agreement 


7  per  cent. 

7    "     " 


{ 


12  per  ct. 


8  for  money 

6  other  con-' 
^     tracts.       ■ 
10  per  cent.    Any  per  ct, 
10    ■'      "       '    «       « 
12    "     «       I    «       « 
12    "     «       I 


Interest,  in  reference  to  the  mode  of  computing  it,  is  simple 
or  compound. 


Questions. — 211.  What  is  interest ?  How  is  it  reckoned?  What  is  prin- 
pal?  Amount?  Rate  per  cent.?  Per  annum?  Legal  Isterest?  Usury? 
How  is  interest  classified  ? 
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SIMPLE  INTEREST. 

Art.  212.     Simple  Interest  is  interest  reckoned  on  the 

principal  only. 

In  Simple  Interest,  that  interest  which  is  not  paid,  when  due, 
is  not  reckoned  as  a  new  loan  or  principal. 

Case  I. 

Art.  ^13.      To   compute   interest   for   whole   periods   of 
time. 

Ex.  1.  What  is  the  interest  of  $137.50  for  4  months,  at  1^ 
per  cent,  a  month  ?  Ans.  $8.25. 

Written  Process. 
$13  7.5  0  =  Principal. 

.01 5  =  Rate.  Mental  Process. 


$2.06250  =  Int.  for  Imo.  If  $1  pays  $0,015  for  1  month, 

4  S137.50    will    pay   137.50    times 

$0,015,    that    is,    $2.0625    for   1 

$8.2  500     =  Int.  for  4mo.  month  ;  and  for  4  months  4  times 

137.50  $2.0625,  that  is,  $8.25. . 

$145.75         =  Am't. 

Ex.  2.  What  is  the  interest  of  $650.  for  3  years,  at  7%  a 
year?  Ans.  $136.50. 

Written  Process. 

$650  =r  Principal. 
.07  =  Rate. 


$45.50  =  Int.  forlyr, 
3  =  No.  ofyrs. 


$136.50  =  Int.  for  3yrs. 

Rule. — For  one  period.     Multiplij  the  pHncipal  hy  the  rate 
per  cent. J  expressed  decimally. 

For  more  than  one  period.     Multiply  the  interest  of  one  period 
hy  the  number  of  periods. 


Questions. — 212.  "What  is  simple  interest? — 21.3.  How  do  we  compute  inte- 
rest  for  whole  periods  of  time  ? 


SIMPLE   INTEREST. 


Examples  for  Practice. 
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8.  "What  are  the  interest  and  amount  of  $210  for  3  months, 
at  2%  a  month?  Ans.  Int.  $12.60;  Am't  8222.60. 

4.  What  are  the  interest  and  amount  of  $525  for  6  months,  at 
li  per  cent,  a  month?      Ans.  Int.  $39.37^;  Am't  $561.37^. 

5.  What  are  the  interest  and  amount  of  $362.50  for  5yr.,  at 
6%  per  annum?  Ans.  Int.  $108.75;  Am't  $171.25. 

6.  What  are  the  interest  and  amount  of  $6550  for  12yrs.,  at 
8i  per  cent,  per  annum?        Ans.  Int.  $6550;  Am't  $13100. 

7.  What  are  the  interest  and  amount  of  $1725  for  20yrs.,  at 
5%  per  annum?  Ans.  Int.  $1725;  Am't  $9450. 

8.  What  are  the  interest  and  amount  of  $1482.25  for  16yrs., 
at.6i  per  cent,  per  annum? 

Ans.  Int.  $1482.25 ;  Am't  $2964.50. 

9.  What  are  the  interest  and  amount  of  $287.50  for  lOyrs.,  at 
10%  per  annum?  Ans.  Int.  $287.50;  Am't  $575. 

10.  What  are  the  interest  and  amount  of  one  dime  for  lOOyrs., 
at  5  per  cent,  per  annum  ?  Ans.  Int.  $0.50 ;  Am't  $0.60. 

Case  II. 

Art.  214:.     To  compute  interest  for  any  part  of  a  period  of 
time. 

Ex.  1.  What  is  the  interest  of  $125  for  18  days,  at  Ti  per 
cent,  a  month?  Ans.  $0.93 f. 

Written  Process. 
$12  5    =  Principal. 

.Olj  =  Rate.  Mental  Process. 

12  5  Calling  30  days  1  month, 

31.25  •  18  days  are  ^"^  or  |  of  1 


month.  If  1  month  brings 
5) $1.562 5  =  Int.  for  Imo.  $1,561   interest,    §    of  a 

$0.3125  =  Int.  for  imo.  or6days.    g^.^J^^  ^^^^   ^"^S  t   of 


$0.93  75  =  Int.  for  |mo.  or  18  days. 

Ex.  2.  What  is  the  interest  of  $75  for  123  days,  at  6%  per 
annum?  Ans.  $1.51,6-j-. 

P 
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Process  Indicated.       -  Mental  Processs 

$75  X  -06  =  $4.50  The  true  interesx 

^4.50  --  365  =.  $0.012328+  =  Int.  for  1  day.      ^^/,  ^f^,  ^^^  '^ 

"^         A|S  of  that  for  u 
$0.012328  X 123  =$1.51,6+  =  Int.  for  123  da.  |4ar. 

Rule. — Find  the  interest  for  one  peinod,  and-tahe  that  part 
of  it  ivhich  the  given  time  is  of  one  period. 

Note. — Reckon  30  days  a  month,  if  one  month  is  the  period;  12 
months  a  year,  if  1  year  is  the  period,  and  the  part  is  expressed  iu 
months ;  or,  more  accurately,  365  days  a  year,  if  1  year  is  the  period, 
and  the  part  is  expressed  in  days. 

Examples  for  Practice. 

3.  What  are  the  interest  and  amount  of  $130  for  21  days,  at 
11  per  cent,  a  month?        Ans.  Int.  $1.36,5;  Am't  $131.36,5. 

4.  Wliat  are  the  interest  and  amount  of  $352.50  for  12  days, 
at  2  J  per  cent,  a  month  ? 

Ans.  Int.  $3.52,5 ;  Am't  $356.02,5. 

5.  What  are  the  interest  and  amount  of  $7650  for  191  days, 
at  8%  per  annum?        Ans.  Int.  $320.25,2;  Am't $7970.25,2. 

6.  AYhat  are  the  interest  and  amount  of  $6845.75  for  301 
days,  at  10%  per  annum? 

Ans.  Int.  $564.53,99+ ;  Am't  $7410.28,99+. 

7.  What  are  the  interest  and  amount  of  $2320.80  from  March 
1  to  Nov.  1,  at  7%  per  annum  ?     Note. — See  table,  Art.  84,  note  4. 

Ans.  Int.  $109.04,5+ ;  Am't  $2429.84,5+. 

8.  What  are  the  interest  and  amount  of  $118.25  from  Apr.  8 
to  Dec.  15,  at  5  per  cent,  per  annum  ? 

Ans.  Int.  $4.06,5+;  Am't  $122.31,5+. 

9.  What  are  the  interest  and  amount  of  $92.37J  from  Jan.  5, 
1860,  to  Oct.  19, 1860,  at  8%  per  annum? 

,  Ans.  Int.  $5.83,1+ ;  Am't  $98.20,6+. 

10.  What  are  the  interest  and  amount  of  $288. 12  J  from  Feb. 
11,  1856,  to  July  23,  1856,  at  9%  per  annum? 

Ans.  Int.  $11.58,0+ ;  Am't  $299.70,5. 

11.  What  arc  the  interest  and  amount  of  $427.75  for  7 
months,  at  4  J  per  cent,  per  annum  ? 

Ans.  Int.  $11.22,8+;  Am't  $438.97,8+. 

Question. — 214.  How  do  we  compute  interest  for  any  part  of  a  period  of 

thrift  ? 
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12.  What   are   tlie   interest   and   amount  of  $858.20   for  5 
months,  at  15%  per  annum? 

Ans.  Int.  $53.63f;  Am't  $911.83|. 

Case  III. 
Art.  215,     To  compute  interest  for  any  time,  at  any  rate. 

First  Method.  By  aliquot  parts,  when  the  time  is  expressed 
in  years  and  parts  of  a  yjear. 

Ex.  1.  What  is  the  interest  of  $425  for  2yr.  5mo.  17da.,  at 
8%  per  annum?  Ans.  $83.77,2+. 

First  Written  Process. 


$42  5            ==Prin. 
.08            =Rate. 

$34.00            =  Int.  lyr. 
2                  =  No.  of  yrs. 

^  of  int.  lyr.  := 
^       int.  4mo.  = 
J       int.  Imo.  = 
J^     int.  Imo.  = 

$68                  =Int.  2yr. 
11.3333+  =Int.  4mo. 
2.8333+  =Int.  Imo. 
1.4166+  =r  Int.  15da. 

.188  8+  ==.Int.  2da. 

$8  3.7  7,2+     =  Int.  2yr.  5mo.  17da. 

Second  Written  Process. 

$425 
.08 

12 

30 

$34.00  X  2 
2.8333  X 
.09444 

=  $68.00       =Int.  2yr. 
5        =    14.1666  =  Int.  5mo. 
X  17  =       1.6054  =  Int.  17da. 

Total  interest,  $83.77,2+. 

Rule. — For  one  year.  Multiple/  the  principal  hy  the  rate  per 
cent.,  expressed  decimally. 

For  two  or  more  years.  Multiply  the  interest  of  one  year  hy 
the  member  of  years. 

For  months.  TaJce  such  a  part  of  the  interest  of  one  year  as 
the  given  numher  of  months  is  of  twelve  months. 


Questions. — 215.  What  is  the  first  method  of  computing  interest  for  any 
time,  at  any  rate  ?     Why  is  it  inaccurate  ? 
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For  days.  Tahe  such  a  part  of  the  interest  of  one  month  as 
the  given  number  of  days  is  of  thirty  days. 

For  the  whole  time.     Add  together  the  results  thus  obtained. 

Note  1. — Since  there  are  365  days  in  a  year,  31  days  in  some  months, 
SO  days  in  others,  and  February  has  sometimes  28  days,  at  other  times 
29  days,  the  method  of  reckoning  30  days  a  month,  and  12  times  30 
days,  or  360  clays,  a  year,  is  inaccurate.  It  is  therefore  best  not  to  ex- 
press parts  of  a  year  in  months,  but  to  reckon  the  days  in  that  part  of 
the  year  ending  at  payment,  and  then  take  so  many  365ths  of  one  year's 
interest :  as  in  Case  II. 

Note  2. — Some  pi'efer  to  find  first  the  Interest  of  $1  or  £1  by  .the 
above  method,  and  then  multiply  it  by  the  principal. 

Examples  for  Practice. 

2.  What  ai-e  the  interest  and  amount  of  8768.20,  for  lyr.  6mo. 
15da.  at  7%  per  annum? 

Aus.  Int.  882.90,1+;  Am't  8851.10,1+. 

3.  What  are  the  interest  and  amount  of  8190.50  for  3yr. 
4mo.  lOda.  nl'o^/o  per  annum ? 

Ans.  Int.  832.01,4+;  Am't  8222.51,4+. 

4.  What  are  the  interest  and  amount  of  8264.10  for  4yr.  9mo. 
20da.  at  9%  piir  annum? 

Ans.  Int.  8114.22,3+;  Am't  8378.32,3+. 

5.  What  are  the  interest  and  amount  of  80.75  for  5yr.  8mo. 
25da.  at  10%  per  annum? 

Ans.  Int.  80.43,02+;  Am't  81.18,02+. 

6.  What  are  the  interest  and  amount  of  8125  from  March  1, 

1856,  to  Nov.  3,  1859,  at  6%  per  annum? 

Ans.  Int.  827.54,1+;  Am't  8152.54,1+. 

7.  What  are  the  interest  and  amount  of  81242.80  from  July  5, 
1859,  to  Jan.  31,  1860,  at  4%  per  annum? 

Ans.  Int.  828.44,6+;  Am't  81271.24,6+. 

8.  What  are  the  interest  and  amount  of  815000,  from  Aug.  11, 

1857,  to  Oct.  13,  1859,  at  3%  per  annum?     . 

Ans.  Int.  8977.50;  Am't  815977.50. 

9  What  arc  the  interest  and  amount  of  8250000  for  6  months 
at  6%  per  annum?       ,  Ans.  Int.  87500;  Am't  8257500. 

10.  What  are  the  interest  and  amount  of  81,  for  1860yr.  at 
6%  per  a-Qniun?  Ans.  Int.  8111.60;  Am't  8112.60. 

Second  Method. — By  months,  when  the  time  is  expressed 
in  years  and  parts  of  a  year. 

Ex.  1.  What  is  the  interest  of  8425  for  2yr.  5mo.  17da.  at 

8%?  Ans.  883.77,2+ 
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Written  Process. 
•  $425  =  Prin. 

.08 

ExPLAXATIOy. 

12  )  $3-4.00  =  Int.  lyr.  _ 

^ ■"  Here     2yr.     5mo. 

2.8o33-|-  =  Int.  Imo.      ^  17da.  are  reduced  to 

29iJ  =  Whole  time  in  months,  months  and  used  as 

16055  =  prod,  by  4J.  l.^^^^J''    ^ 

254999  montasmterest. 

566666 

S8  3.7  7,2+  =  Ans. 

Rule. — Find  the  interest  for  one  i/ear,  h/  mulfiplying  hy 
the  rate. 

Divide  the  interest  of  erne  year  hy  12:  the  quotient  is  the 
interest  for  one  month. 

Multiply  the  interest  of  one  month  hy  the  whole  time  expressed 
in  mo7iths  and  parts  of  a  month. 

Examples  tor  Practice. 

2.  What  are  the  interest  and  amount  of  $1130  for  lyr.  7mo.. 
21da.  at  7%  per  annum? 

Ans.  Int.  8129.85,5+;  Am't  $1259.85,5+. 

3.  What  are  the  interest  and  amount  of  $37.37^  for  4yr. 
llmo.  15da.  at  6%  per  annum? 

Ans.  Int.  811.11,9+;  Am't  848.49,4+ 

4.  What  are  the  interest  and  amount  of  891.25  from  Jan.  1, 
? 

Ans.  Int.  820.53,1-i;  Am't  8111.78,1^ 

5.  What  are  the  interest  and  amount  of  $253.62  J  from  Oct.  3, 
1845,  to  Aug.  5,  1860,  at  4%  ? 

Ans.  Int.  8150.54+;  Am't  $404.16,5+. 

6.  What  are  the  interest  and  amount  of  8234.50  from  May  18, 
1852,  to  Nov.  25,  1859,  at  9%  ? 

Ans.  Int.  8158.73+;  Am't  $398.29+. 

Special  Method  for  six  per  cent,  in  U.S.  money. 
Ex.  1.  What  is  the  interest  of  8144  for  4vr.  6mo.  19da.  at 
6%?  Ans.  $39,336. 

Question. — What  is  the  second  method  of  computing  interest  for  any  time 
at  any  rate  ? 


1855,  to  July  1,  1859,  at  5  70 
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Process  Indicated. — The  interest  of  $1  for  12mo.  is  6cts. ;  that  is, 
^  as  many  cents  as  months.  4yr.  6mo.  =^  54mo.  One-half  fef  54 
=  27,  no.  of  cts.  int.  of  $1  for  54mo.  The  interest  of  ^1  for  30da, 
is  5  mills;  that  is,  ^  as  many  mills  as  days.  19  -^  6  =  3^,  no.  of 
mills  int.  of  $1  for  19da.  27cts.+3i  mills  =  $0,273^,  int.  of  $1  for 
whole  time.     144  X  §0.273^  =  $39,336,  int.  of  $144  for  whole  time. 

Rule. —  Call  half  of  the  number  of  months  cents,  and  one- 
sixth  of  the  numher  of  days  mills,  and  multiply  the  sum  of  these 
results  hy  the  principal. 

Note. — Rules  like  this  may  be  made  for  4  per  cent,  and  3  per  cent. 
Thus,  for  4  per  cent.,  call  ^  of  the  numher  of  months  cents,  and  ^  of  the 
numher  of  days  mills,  and  multiphj  their  sum  hy  the  principal.  Again,  for 
3  per  cent.,  call  \  of  the  numher  of  months  cents,  and  jig-  of  the  numher  of 
days  mills,  and  multiply  their  sum  hy  the  principal. 

Examples  for  Practice. 

2.  Wtat  are  tlie  interest  and  amount  of  $500  for  2yr.  4mo. 
12da.  at  6%?  Ans.  Int.  $71;  Am't  $571. 

3.  Wliat  are  the  interest  and  amount  of  $300  for  3yr.  6mo. 
18da.  at  6%  ?  Ans.  Int.  $63.90;  Am't  $363.90. 

4.  Wliat  are  the  interest  and  amount  of  $225  for  5yr.  8mo. 
24da.  at  6%?  Ans.  Int.  $77.40;  Am't  $302.40. 

5.  What  are  the  interest  and  amount  of  $845.25  for  lyr. 

Ans.  Int.  $93.82,2-f ;  Am't  $939.07,2+. 

6.  What  are  the  interest  and  amount  of  $468.75  from  March  15, 


1855,  to  Sept.  4,  1859,  at  6%  ? 

Ans.  Int.  $125.70,3+;  Am't  $594.45,8+. 

7.  What  are  the  interest  and  amount  of  $197.42  from  June  11, 
1848,  to  Dec.  2,  1856,  at  6%  ? 

■  Ans.  Int.  $100.38,8+;  Am't  $297.80,8+. 

8.  What  are  the  interest  and  amount  of  $16485  from  Feb.  29, 

1856,  to  Jan.  2,  1860,  at  6%  ? 

Ans.  Int.  $3799.79,25     ;  Am't  $20284.79,25     . 

9.  What  are  the  interest  and  amount  of  $25000  from  Jan.  1, 
to  July  1,  at  6%  ?  Ans.  Int.  $750;  Am't  $25750. 

Third  Method.  *" 

Ex.  1.  What  is  the  interest  of  $308  for  lyr.  5mo.  at  11%? 

Ans.  $47.99,6  f. 

QuESTio'NS. — What  is  the  special  method  for  six  per  cenL  ?     What  other  rules 
might. bo  made  ? 


■'f 
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Written  Process. 
$308  =  Prin. 
.085  =  4  no.  of  months  as  cts. 


Mental  Process. 


1540  Since   Ufa    is    V    of 

2464  6%,  we  take   V  of  the 

•  interest  at  6%    to   find 


6)  26.180  ==  int.  at  6%.  I'ad  w!%,  i?shou1d 


S4.36383  =  int.  at  1%.  at  6f.  ;  if  3f.,  i  &c. 


$47.99663  =  int.  at  11%- 
KuLE. — Fi7id  the  interest  at  six  per  cent,  and  tahe  as  many 
sixths  of  this  interest  as  the  given  rate  is  of  six  per  cent. 

Note  1. — Other  rules  might  be  made  on  the  notes  of  the  last  rule. 
Thus,  find  the  interest  at  4  per  cent.,  and  take  as  many  fourths  of  this 
interest  as  the  given  rate  is  of  4  per  cent.  Again,  find  the  interest  at 
3  per  cent.,  and  take  as  many  thirds  of  this  interest  as  the  given  rate 
is  of  3  per  cent. 

Note  2. — Simple  inspection  of  a  question  will  often  decide  which  of 
the  preceding  methods  of  computing  interest  is  preferable  for  the  con- 
ditions of  that  question.  The  learner  should  acquaint  himself  with  all 
the  methods,  and,  in  any  one  case,  exercise  his  judgment  to  select  the 
shortest  and  most  accurate. 

Examples  for  Practice. 

2.  "What  are  the  interest  and  amount  of  $155  for  lyr.  6mo.  at 
7%?  Ans.  Int.  $16.27,5;  Am't  $171.27,5. 

3.  What  are  the  interest  and  amount  of  $87. 87^^  for  2yr.  9mo. 
6da.  at  5%?  Ans.  Int.  $12.15,6+;  Am't  $l00.03,l+. 

4.  "What  are  the  interest  and  amount  of  $265.25  for  4yr.  4mo. 
4da.  at8%?  Ans.  Int.  $92.18,9+;  Am't  $357.43,9+. 

5.  What  are  the  interest  and  amount  of  $712.12  for  6yr.  Imo. 
3da.  at  4%?  Ans.  Int.  $173.51,9+;  AmH  $885.63,9+. 

6.  "V\niat  are  the  interest  and  amount  of  $1428.30  for  9mo. 
2da.  at  9%?  Ans.  Int.  $97.12,4+;  Am't  $1525.42,4+. 

7.  What  are  the  interest  and  amount  of  $1800  from  April  25, 

1856,  to  April  17,  1859,  at  3%  ? 

Ans.  Int.  $160.80;  Am't  $1960.80. 

8.  What  are  the  interest  and  amount  of  $4325  from  Sept.  5, 

1857,  to  Dec.  25,  1860,  at  12%  ? 

Ans.  Int.  $1715.58+;  Am't  $6040.58+. 

Questions. — What  is  the  third  method  ?    What  other  methods  might  be  used 


23i 


SIMPLE   INTEREST. 


9.  What  are  the  interest  and  amount  of  ^6000  from  July  1 


to  Jan  1,  at  ] 


Ans.  Int.  $300;  Am't  $6300. 


10.  What  are  the  interest  and  amount  of  $16666.66,61  from 
Jan.  1  to  April  1,  at  7%? 

Ans.  Int.  $291,661;  Am't  $16958.33^. 

Case  IV. 
Art.  316.     To  compute  interest  in  English  Money. 
Ex.  1.  What  is  the  interest  of  =£10  12s.  6d.  for  lyr.  6mo.  at 
5%?  Ans.  15s.  lid.  Iqr. 

First  Method. 
£      s.     d. 
•    10   12     6  =  Prin.  Second  Method. 

5  =  Rate. 


100)53      2    6 

2)0   10s.  7d.  2qr.=int.  lyr. 
0      5     3     3==  int.  6mo. 


15  11  .  1    =  Ans. 


12 
20 

6 
12.5 

2: 

£10.62  5    =Prin. 
.05=  Rate. 

.5312  5     =int.ljr. 
.265625  =int.6mo. 

£0.796875  =  whole  int 
20 

s. 

c 

15.937500 
12 

1.11.2  500 
4 

qr.1.00 

Rule. — Multiply  the  principal  hy  the  rate  as  a  whole  numherf 
and  divide  the  product  by  100.  The  quotient  is  the  interest' for 
one  year.  For  other  portions  of  time,  proceed  hy  aliquot  parts, 
as  in  U.S.  money. 

Or,  Reduce  the  shillings,  pence,  and  farthings  to  the  decimal 
of  a  pound,  and  annex  this  decimal  to  the  pounds.  With  this 
result  proceed'  as  in  U.S.  money,  and  reduce  the  decimal  part 
of  the  result  to  the  denominations  of  English  Money. 
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Examples  for  Practice. 

2.  What  are  the  interest  and  amount  of  £125  15s.  for  3yr. 
9mo.  at5%? 

Ans.  Int.  £23  lis.  6d.  3qr.;  Am't  £149  6s.  6d.  3qr. 

3.  What  are  the  interest  and  amount  of  £62  12s.  6d.  for  oyr. 
8mo.  15 da.  at  4%? 

Ans.  Int.  £14  5s.  lid.  3.4qr.;  Am^t'£76  18s.  5d.  3.4qr. 

4.  What  are  the  interest  and  amount  of  £865  5s.  4d.  for  2yr. 
8mo.  5da.  at3%? 

Ans.  Int.  £58  15s.  3d.  3qr.+  ;  Am't  £924  Os.  7d.  3qr.+. 

5.  What  are  the  interest  and  amount  of  £644  18s.  for  7 
months  at  5  %  ? 

Ans.  Int.  £18  16s.  2d.  0.8qr.;  AmH  £663  14s.  2d.  O.Sqrr 

MISCELLANEOUS  EXERCISES  IN  SIMPLE   INTEREST. 

1.  What  is  the  difference  of  interest  of  $3500  from  Jan.  3  to 
Dec.  15,  as  computed  by  days  and  by  months,  at  6^  ? 

Ans.  Days  favor  Debtor  $0.43,1-|-. 

2.  From  March  3  to  Dec.  15? 

Ans.  Months  favor  Dr.  $0.62,3+. 

3.  From  March  8  to  June  15? 

Ans.  Months  favor  Dr.  $0.33,5+. 

4.  From  Jan.  3  to  April  15? 

Ans.  Days  favor  Dr.  $0.81,5+. 

5.  From  July  3  to  Nov.  15? 

Ans.  Months  favor  Dr.80.67,l+. 

6.  What  is  the  difference  of  interest  of  $800  from  Jan.  6, 
1858,  to  Dec.  12, 1861,  as  computed  by  months,  and  by  years,  at 
7%?  Ans.  0.     Both  $220,261. 

7.  Which  method  of  computing  will,  with  the  least  labor, 
show  that  $55.72,9+  is  the  interest  of  $250  for  4yr.  5mo.  15da.  - 

at5%? 

8.  Which,  that  $107.45  is  the  interest  of  $300  for  5yr.  llmo 
19da.  at6%? 

9.  Which  written  process  will  show,  with  the  fewest  figures, 
that  $7.87  J  is  the  interest  of  $75  for  lyr.  9mo.  at  6%  ? 

10.  Which,  that  $325  is  the  interest  of  $1000  for  3yr.  3mo. 
at  10  per  cent,  ? 

11.  What  are  the  interest  and  amount  of  $33i^  from  Jan.  15 
to  July  21,  at  9%  ?  Ans.  Int.  $1.55;  Am't  $34.88^. 

12.  What  are  the  interest  and  amount  of  $98^  from  Mar.  17 
to  Oct.  24,  at  7%?    Ans.  Int.  $4.14,1+;  Am't  $102.28,3+ 
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^  PROMISSORY  NOTES. 

Art.  217.  A  Promissory  Note,  or  note  of  hand,  is  a 
written  promise  of  payment,  given  t>y  the  borrower  to  the  lender. 

The  promise  of  the  note  is  usually  either  to  pay  07i  demand, 
or  at  a  specified  time  after  the  date  of  the  note. 

When  the  time  of  payment  is  specified  in  N:he  note,  it  is 
customary,  in  some  states,  to  allow  three  additional  days,  called 
da?/s  of  grace. 

A  note  is  said  to  mature  on  the  day  on  which  it  is  due. 

The  promise  may  be  to  pay  the  lender;  or  another  person  on 
the  lender's  order;  or  to  the-  order  of  any  other  person  named 
in  the  note;  or  the  bearer. 

A  negotiahle  note  is  a  note  that  can  be  sold  or  transferred. 

A  joint  note  is  a  note  signed  by  two  or  more  persons,  who  are 
unitedly  held  for  its  payment. 

A  joint  and  several  note  is  a  note  signed  by  two  or  more 
persons,  who  are  unitedly  and  individually  held  for  its  payment. 

The  face  of  a  note  is  the  sum  promised  in  the  note.  This 
sum  should  always  be  written  in  words  in  the  text  of  the  note. 

The  maker  or  draiver  of  a  note  is  the  person  who  signs  it. 

The  holder  ov  payee  is  the  person  to  whom  the  note  is  to  be  paid. 

An  indorser  is  a  person  who  writes  his  name  upon  a  note  or 
obligation,  usually  upon  its  back,  thereby  becoming  responsible 
for  its  payment. 

A  partial  payment  is  a  payment  of  pai-t  of  a  note  or  other 
legal  obligation.  If  stated  on  the  back  of  the  instrument  in 
writing  by  the  holder,  it  is  called  an  indorsement. 

Case  V. 

PARTIAL   PAYMENTS. 

Art.  SI  8.  To  compute  interest  when  partial  payments 
have  been  made. 

Merchants'  Kule. 

If  partial  payments  are  made  upon  an  obligation,  and  final 
settlement  is  made  within  a  year  after  the  obligation  is  due, 
settlement  is  usually  made  by  the  following 

Questions. — 217.  "What  is  a  promissory  note?  What  promise  is  made? 
"What  are  clays  of  grace  ?  When  does  a  note  mature  ?  To  whom  is  the  promise 
directed?  What  is  a  negotiable  not«?  What  is  a  joint  note?  A  joint  and 
several  note?  The  face  of  a  note?  The  maker  of  a  note?  The  holder  of  a 
note?  An  indorser?  What  is  a  partial  payment?  WTieu  is  i>t  called  an  in 
dorsement  ? 
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Rule. — Find  the  amount  of  tJie  principal  at  the  ^^rof 
settlement.  Then  find  the  amount  of  each  payment  from  the 
time  it  was  made  iintil  settlement,  and  suhtract  the  sum  of  the 
amounts  of  the  payments  froTn  the  amount  of  the  principal. 

Note. — By  this  rule  we  proceed  as  though  a  partial  payment  were  a 
loan  from  the  debtor  to  the  creditor,  since  it  is  money  paid  before  settle- 
ment. The  creditor  is  thereby  prevented  from  having  interest  on  the 
interest  paid  him. 

(1.)  Examples  eor  Practice. 

824003%.  Pittsburgh,  April  1,  1858. 

Thirty  days  after  date,  I  promise  to  pay,  to  the  order  of 
Fletcher  &  Phillips,  twenty-four  hundred  dollars,  without  defalca- 
tion, value  received.  #  C.  W.  Henry. 

PAT3IENTS.— July  1,  1858,  $500.  Sept.  1,  1858,  $800.  Oct.  1,  1858, 
$500. 

How  much  was  due  at  settlement,  Jan.  1,  1859,  int.  at  6%  ? 

Ans.  (By  365tlis)  $657.13,9. 
COMPUTATION. 

Principal _        .        .  $2400 

Int.  (beginning  33da.  after  date)  from  May  3  to  Jan.  1 

(243da.) 95.86,8 

♦  

Am't.  of  Prin.  at  settlement $2495.86,8 

First  payment  .-.-■.        $500 

Int.  fr.  July  1  to  Jan.  1  (184da.)     -        -  15.123 

Second  payment      -----        $800 
Int.  fr.  Sept.  1  to  Jan.  1  (122da.)  -  16.044 

Third  payment $500 

Int.  fr.  Oct.  1  to  Jan.  1  (92da.)        -        -  7.56,2        1838.72,9 

Balance  due  Jan.  1,  1859       -        -        .  $  657.13,9 

(2.) 

S475y%%.  Buffalo,  June  15,  1857. 

On  demand,  for  value  received,  ice  jointly  promise  to  pay 
Horace  Freeman,  or  order,  four  hundred  and  seventyfive  dollars 
and  fifty  cents,  with  interest  from  date.  J.  DiLWYN, 

M.  Matson. 

Payments.— Sept.  15, 1857,  $75;  Dec.  15,  1857,  $75;  Mar.  15,  1858, 

$75. 

What  was  due  at  settlement,  June  15,  1858,  int.  at  7%  ? 
Ans.  (^By  calendar  months^  $275.91. 

Question. — 218.  What  ia  the  merchants'  rule  for  partial  payments  ? 
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(3>l 

$1525/^%.  New  Orleans,  Nov.  9,  1857. 

For  value  received,  we  jointly  and  severally  promise  to  pay 
John  S-  Jones,  or  order,  one  thousand  five  hundred  and  twenty- 
five  dollars  and  twenty  five  cents,  on  demand,  with  interest  at  five 
per  cent.  B.  T.  Fortune. 

J.  Lepevre. 

Indorsements, — Feb.  23,  1858,  received  three  hundred  seventy-five 
dollars  on  the  within  note.  Apr.  6,  1858,  received  two  hundred  fifty- 
dollars.  June  17,  1858,  received  four  hundred  twenty-five  dollars. 
Aug.  26,  1858,  received  two  hundred  fifty  dollars. 

How  mucli  was  due  at  settlement,  Oct.  20,  1858  ? 

Ans.  $269.15. 

RULE  OF  THE  UNITED'  STATES  COURTS. 

Settlements  are  made  by  the  courts  of  tlie  United  States,  and 
of  several  individual  States,  by  the  following 

Rule. — "  When  partial  paynnents  have  heen  made,  apply  the 
payment,  in  the  first  place,  to  the  discharge  of  the  interest  then 
due. 

^^  If  the  payment  exceeds  the  interest,  the  surplu^goes  toward 
discharging  the  principal;  and  the  subsequent  interest  is  to  be 
computed  on  the  balance  of  the  principal  remaining  due. 

''''  If  the  payment  be  less  than  the  interest,  the  surplus  of  intefrest 
must  not  be  taken  to  augment  the  principcd;  but  interest  con- 
tinues on  the  former  principal.,  until  the  pen-iod  when  the  pay- 
ments, taken  together,  exceed  the  interest  due,  and  then  the  surplus 
is  to  be  applied  toicard  discharging  the  principal ;  and  interest 
is  to  be  computed  on  the  balance,  as  aforesaid.^' — Kent,  Cbief 
Justice.  * 

Note. — By  this  rule  the  creditor  can  obtain  interest  on  that  interest 
which  is  paid  him  before  the  end  of  a  year,  since  he  can  lend  it  as  soon 
as  received. 

Examples  for  Practice. 

(1.) 

$3500y%%.  Columbus,  0.,  Nov.  20,  1856. 

For  value  received,  I  promise  to  pay  W.  V.  Palmer,  or  order, 
thirty  five  hundred  dollars,  on  demand,  with  interest  from  date 
at  six  per  cent.  TiTUS  H.  Lee. 

Question. — What  is  the  rule  of  the  United  States  Courts  ? 
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On  this  note  the  indorsements  were,  in  date  and  amount,  aswllows: 
—May  20,  1857,  $100;  Nov.  20,  1857,  $500;  May  20,  1858,  $50;  Nov. 
20,  1858,  $950. 

How  mucli  is  due  at  settlement,  May  20,  1859  ? 

Ans.  $2365.49,8. 

COMPUTATION. 

Principal $3500 

Int.  fr.  Nov.  20,  1856,  to  May  20,  1857  (6mo.)  is  | 
$105,  or  more  than  the  payment ;  hence,  j 

Int.  of  $3500  from  Nov.  20, 1856,  to  Nov.  20,  1857     -        $  210 

Amount -        $3710 

First  payment     -        -        -        $100 

Second  payment-        -        -        $500  -        -        -        $600 

Balance,  new  principal $3110 

Int.  of  $3110  from  Nov.  20,  1857,  to  May  20,  1858,  | 
is  $93.30,  or  more  than  the  payment ;  hence,         J 
Int.  of  $3110  fr.  Nov.  20,  1857,  to  Nov.  20,  1858  -       $  186.60 

Amount,  Nov.  20,  1858 $3296.60 

Third  payment    -        -        -        $  50 

Fourth  payment  -        -        -        $950  -     *    -        -        $1000 

Balance,  new  principal $2296.60 

Int.  from  Nov.  20,  1858  (6mo.) $     68.898 

Bal.  due  at  settlement.  May  20,  1859  -        -        -        -       $2365.49,8 


(2.)  What  is  due  on  Ex.  1  of  the  merchants'  rule,  when  com- 
puted by  the  rule  of  the  U.S.  courts  ? 

Ans.  (By365ths)  $658.32-f. 

(3.)  What  is  due  at  settlement  June  10,  1859_,  on  a  note  of 
$500,  dated  July  9,  1857,  bearing  interest  at  6%   from  date, 
payments  having  been  made  as  follows : — Oct.  9,  1857,  $25 ; 
March  2,  1858,  $10;  July  7,  1858,  $30;  Jan.  7,  1859,  $250? 
Ans.  (Bi/  calendar  months)  $233.78,6. 

(4,)  What  are  the  duet  on  Ex.  (2)  and  (3)  of  the  merchants' 
rule,  when  computed  by  the  rule  of  the  U.S.  corurts  ? 

Ans.  (2)  $276.70+ .  (3)  $270.24,9+  {Bi/  days.) 
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W  CONNECTICUT  RULE. 

The  Supreme  Court  of  the  State  of  Connecticut  has  adopted 
the  following 

Rule. — "  Compute  the  interest  to  the  time  of  the  first  lyayment ; 
if  that  he  one  year  or  more  from  the  time  the  interest  commenced, 
add  it  to  the  principal,  and  deduct  the  payment  from  the  sum 
total.  If  there  he  after-payments  made,  compute  the  interest  on 
the  halance  due  to  the  next  payment,  and  then  deduct  the  payment 
as  above  ;  and  in  like  manner  from  one  payment  to  another,  till 
all  the  payments  are  ahsorhed:  provided  the  time  hetween  one 
payment  and  another  he  one  year  or  more. 

"But  if  any  payment  he  made  hefore  one  year's  interest  hath 
accrued,  then  compute  the  interest  on  the  principal  sum  due  on  the 
ohligation  for  one  year,  (see  note,)  add  it  to  the  principal,  and 
compute  the  interest  07i  the  sum  paid  from  the  time  it  was  paid, 
up  to  the  end  of  the  year ;  add  it  to  the  sum  paid,  and  deduct 
that  sum  from  the  principcd  and  interest  added  as  above. 

"  If  any  payment  he  made  of  a  less  sum  than  the  interest 
arisen  at  the  time  of  such  payment,  no  interest  is  to  he  computed, 
hut  only  on  the  principal  sum  for  any  period^ 

^  Note. — ^^  If  a  year  does  not  extend  beyond  the  time  of  payment ;  hut 
if  it  does,  Hejijind  the  amount  of  the  principal  remaining  unpaid  nj) 
to  the  time  of  settlement,  likewise  the  amonnt  of  the  payment  or  pay- 
ments from  the  time  they  loere  paid  to  the  time  of  settlement,  and  de- 
duct the  sum  of  these  several  amounts  from  the  amount  of  the  princi- 
pal."— Kirby's  Reports. 

Remark. — This  resembles  the  merchants'  rule,  in  allowing  interest  on 
payments  made  before  the  expiration  of  a  year.  But  the  Connecticut 
rule  does  not  allow  interest  on  payments  less  than  the  interest  then  due. 
Under  this  rule,  therefore,  the  lender  can,  by  re-loaning,  obtain  interest 
on  those  payments  of  interest  which  are  less  than  the  quantity  due,  if 
paid  before  the  end  of  a  year. 

Ex.1. 

$562-j-%o_.  MiDDLETOWN,  August  1,  1854. 

For  value  received,  I  promise  to  pay  N.  Wbodard,  or  order, 
on  demand,  five  hundred  sixty-two  dollars  and  fifty  cents,  with 
interest.  B.  M.  Russell. 

Indorsements. — Sept.  1,  1855,  received  $40;  Nov.  1,  1855,  received 
$25  ;  Jan.  1,  1856,  received  §5 ;  Dec.  1,  185G,  received  $100 ;  March 
16,  1857,  received  $15 ;  Oct.  25,  1857,  received  $150 ;  Dec.  25,  1857, 
received  $100. 

What  is  due  March  1,  1858  ?  Ans.  $235.55,3 
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COMPUTATION. 

Principal $562.50 

Int.  from  Aug.  1,  1854,  to  Sept.  1,  1855  (13  months)         -       36.5625 

Am't  due  Sept.  1,  1855 599.0625 

First  payment,  made  Sept.  1,  1855 40 

Balance  due  Sept.  1,  1855 559.0625 

Int.  from  Sept.  1,  1855,  to  Sept.  1.  1856  (1  year)       -        -      33.5438 

Amount  of  principal  Sept.  1,  1856 592.606 

Second  payment         - §25.00 

Int.  on §25  from  Nov.  1, 1855,  to  Sept.  1, 1856  (10 mo.)      1.25 

Third  payment  (less  than  the  int.  due  at  Jan.  1, 1856)      5.00     31.25 

Balance  due  Sept.  1,  1856 561.356 

Int.  from  Sept.  1,  1856,  to  Sept.  1,  1857     -        -        -        -      33.681 

Amount  of  principal  sum  Sept.  1,  1857      -        -        -        -    595.037 

Fourth  payment $100 

Int.  from  Dec.  1,  1856,  to  Sept.  1,  1857  (9mo.)  -      ^       4.50 

Fifth  payment  (less  than  int.  due  at  March  16,  1857)    15       119.50 

Balance  due  Sept.  1,  1857 475.537 

Int.  to  settlement  March  1,  1858  (6mos.)  -        -        -      14.266 

Amount  of  last  principal  at  settlement     -        -        -        -     489.803 

Sixth  payment $150. 

Int.  from  Oct.  25,  1857  to  March  1,  1858  C4^mos.)         3.15 

Seventh  and  last  payment         -         _         -         -  100. 

Int.  from  Dec.  25,  1857,  to  March  1,  1858  (24mos.)       1.10    254.25 

Balance  due  at  settlement $235,553 

Case  VI. 

Art.  ^19.     Tofind  the  rate  per  cent.,  when  the  principal, 
interest,  and  time  are  known. 

Ex.  1.  At  what  rate  per  cent,  will  $800  pay  $140  interest  in 

2 J  years?  Ans.  7%. 

AVritten  Process.  Mextal  Process. 

SOOPrin.  If  Si    at  1%    for  2*yr, 

02  5  Int.  of  $1  at  1%  for  2*yr.  pay  2icts.,  $800  will   pay 

800  times  as  much  ;  that  is, 

^i4U  -r-  ^^U  =  7  Ans.  ^  ^^^   as   many  per  cent,  of 

$800  as  $20  are  contained  times  in  $140  ;  that  is,  7^. 
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Rule. — Divide  the  given  interest  hy  the  interest  of  the  princi- 
pal at  one  per  cent,  for  the  given  time. 

Examples  eor  Practice. 

2.  At  what  rate  will  ^700  pay  §63  interest  in  IJ  yr.? 

Ans.  6%  per  annum. 
8.  At  what  rate  will  8922  pay  $53.78i  interest  in  14  mouth?  ? 

Ans.  5^  per  annum. 
4.  At  what  rate  per  annum  will  any  principal  double  itself 
by  simple  interest  in  5,  6,  7,  8,  9,  10,  12,  16,  and  20  years? 
Ans.  20,  161,  14f,  12i,  11|,  10,  Si,  6i,  and  5%. 

Case  VII. 

Art.  S^O.  To  find  the  time,  when  the  principal,  interest, 
and  rate  per  cent,  are  known. 

Ex.  1.  How  long  will  it  take  $150  to  gain  $6,  at  li  per  cent. 
a  month?  Ans.  3mo.  6da. 

Written  Process. 
$150Prin. 
.0125  Rate. 

Mental  Process. 

$1.8750  Int.  1  mo.  If  $1,875  is  the  interest  of  the  priuci- 

ei  c'7F;^(£AnnnA/'uo        P^^  ^"^^  ^  i^onth,  $6  is  the  intere.st  for  as 

$i.»/D;^b.UUUU(d.Z        j^^^^y  months  as  $1,875    is   contained 

5  625  30     times  in  S6  ;  that  is,  3 1%  months,  or  3 

months  6  days. 

3750        60 
3750 


PtULE. — Divide  the  given  interest  hy  the  interest  of  the  princi- 
pal for  one  period  of  time  at  the  given  rate. 

Examples  for  Practice. 

2.  How  long  must  $80  be  on  interest  at  6%  per  annum  to 
gain  $12  ?  Ans.  2^*.  6mo. 

3.  In  what  time  will  any  principal  double  itself  by  simple 
interest  at  5,  6,  7,  8,  9,  10,  and  12  per  cent,  per  annum? 

Ans.  20,  161,  14f ,  12^,  11^,  10,  and  8J  yr. 


QUESTION'S. — 219.  How  do  we  find  the  rate,  when  principal,  interest,  and 
time  are  known? — 220.  How  do  we  find  the  time,  when  principal,  interest, 
and  rate  are  known  ? 
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4.  How  long  will  it  take  $1374.50  to  amount  to  S1480.78  at 
10%  per  annum?  Ans.  9mo.  8da. 

Case  YIII. 

Art.  221*     To  find  tlie  principal,  when  the  time,  rate,  and 
amount  or  interest  are  known. 

Ex.  1.  What  principal  at  7%  will  gain  ^26.25  in  2J  yr? 

Ans.  $150. 

Written  Process. 

$0.07  Int.  of  81  for  lyr. 

2.5  No.  of  jrs. 

Mental  Process. 

$0.1  75)  $26,2  50  (150       t^- i-i       ,    •    x.     •  ,      ,  r  ci^  r 
^        '-^^^^-        ^  Ifi/f  cents  IS  the  mterest  of  $1  for 

-•-  '  ^  the  time,  $26.25  must  be  the  interest  of 

as  many  dollars  as  $0,175  is  contained 

875  times  in  $26.25 ;  that  is,  of  $150. 

875 


0 

Ex.  2.  What  principal  at  5%  will  amount  to  $28.75  in  3 

years?  x\ns.  $25. 

Process  Indicated.  Mental  Process. 

$2  8.7  5  -^-  $1.1 5  ==  2  5       If  $1.15  is  the  amount  of  $1  for  3  years 
at  5fo,  $28.75  is  the  amount  of  as  many 
dollars,  at  the  same  rate  for  the  same  time,  as  $1.15  is  contained 
times  in  $28.75  ;  that  is,  of  $25. 

Rule. — Divide  the  given  interest  or  amount  hy  the  interest  or 
amount  of  one  dollar  for  the  rate  and  time. 

Examples  for  Practice. 

3.  WBat  principal  at  6%  will  yield  $1500  a  year? 

Ans.  $25000. 

4.  What  principal  at  5%  will  produce  $1000  a  year? 

Ans.  $20000. 

5.  What  principal  at  8%  will  amount  to  $17492.27  in  5yr. 
8mo?  Ans.  $12318.50. 

6.  What  principal  at  10%  will  produce  $172.30  in  lyr.  6mo. 
22da.  Ans.  $1103.70. 


Question.  —  221.  How  do  we  find  the  principal,  when  the  time,  rate,  and 
amount  or  interest  are  known  ? 
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COMPOUND  INTEREST. 

Art.  222,  Compound  Interest  is  interest  reckoned  on 
the  sum  of  the  principal  and  its  previous  unpaid  interest.  In 
Compound  Interest  that  interest  which  is  not  paid  when  due  is 
reckoned  as  a  new  loan  or  principal,  and  bears  interest  like  the 
first  principal. 

Art.  22S,  To  compute  compound  interest  for  any  time 
at  any  rate. 

Ex.  1.  At  compound  interest  at  6%  per  annum,  what  is  the 
interest  of  $450  for  Syr.  6mo.  18da.  ? 

Ans.  $103.64,3+. 
COMPUTATION. 

Principal $450 

Rate .06 

Interest  first  year         -        -        -        -        --        -        -     $27.00 

Principal  added   ---------  $450 

Amount  first  year        --------    $477 

.06 

Interest  second  year     -------'       $28.62 

Principal  added $477. 

Amount  second  year    -------        $505.62 

.06 

Interest  third  year       -        -        -  -        ■        .    $30.3372 

Principal  added -  .      -        -  $505.62 

Amount  third  year       ------  $535.9572 

Interest  of  $1  for  6mo.  18da. .033 

16078716 
16078716 

Interest  for  6mo.  ISda.         -        -                -        -       $17.6865876 
Principal  added $535.9572 

Whole  amount $553.6437876 

First  principal  subtracted    -----     $450. 

Compound  Interest $103.64,37876 

Question. — 222.  What  is  compound  interest? 
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Note. — If,  in  the  foregoing  example,  the  interest  had  been  made  pay- 
able semi-annually  or  quarterly,  or  at  the  end  of  any  regularly  recurring 
period,  each  amount  -would  have  been  calculated  for  that  period,  instead 
of  a  year. 

Rule. — Find  the  amount  of  the  principal  for  the  first  period 
of  time,  and  make  it  the  principal  for  the  second  period ;  then 
And  the  amount  of  this  new  principal  for  the  second  period,  and 
make  it  the  principal  for  the  third  period.  So  continue  through 
all  the  periods,  and  through  the  last  fractional perriod,  if  there  is 
any.  Subtract  the  first  principal  from  the  last  amount ;  the  re- 
mainder is  the  compound  interest. 

Note. — The  laws  grant  simple  interest  to  the  creditor  in  the  settle- 
ment of  his  interest-claims.  This  implies  that  the  price  put  upon  the 
use  of  money  is  not  due  till  that  use  is  finished.  Strict  simple  interest 
is  not  consistent  with  the  payment  of  interest  periodically  before  the' 
principal,  because  the  creditor  can  reloan  the  interest-money,  and  thus 
get  compound  interest.  But  periodical  payments  of  interest  are  most 
frequently  adopted  in  business.  It  is  generally  thought  that  compound 
interest,  at  the  common  legal  rates  for  simple  interest,  would  be  too 
heavy  a  tax  upon  the  productive  power  of  capital. 

Examples  for  Practice. 

2.  Wliat  are  the  interest  and  amount  of  6600  for  2yr.  4mo. 
12da.;  at  5%  compound  interest,  payable  annually? 

Ans.  Int.  673.62,75  ;  Am't  8673.62,75. 

3.  What  are  tbe  interest  and  amount  of  81000  for  4yr.  8mo. 
20da.,  at  7  %  compound  interest,  payable  semi-annually  ? 

Ans.  In^8384.09,7-f ;  Am't  $1384.09,7+. 

4.  Wliat  are  the  interest  and  amount  of  8225  for  lyr.  llmo. 
15da.,  at  4%  compound  interest,  payable  annually? 

Ans.  Int.  817.97  ;  Am't  8242.97. 

5.  What  are  the  interest  and  amount  of  8362.50  for  2yi'.  9mo., 
at  6  %  compound  interest,  payable  semi-annually  ? 

Ans.  Int.  864.04+  ;  Am't  8426.54+. 

6.  "WTiat  is  the  difference  between  the  simple  and  compound 
interest  of  8500  for  5  years,  at  7%  ?  Ans.  26.27,5+. 

7.  What  is  the  difference  between  the  simple  and  compound 
interest  of  81200  for  12  years,  at  8%  ?  Ans.  8669.80+. 


Questions. — 223.  How  do  we  compute  compound  interest?     Do  the  laws 
grant  compound  interest  to  the  creditor  in  settling  his  interest-claims  ? 
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Art.  SS4:.     To   save   labor,  compound   interest   is   often 
computed  by  the  aid  of  tables. 

Table, 

Showing  the  amount  of  $1  or  £1  at  3,  4,  5,  6,  7,  and  8  per  cent, 
per  annum,  compound  interest,  for  any  number  of  years,  from 
1  to  25. 


Tr. 

3  per  cent. 

4  per  cent. 

5  per  cent. 

6  per  cent. 

7  per  cent. 

8  per  cent. 

1 

1.03 

1.04 

1.05 

1.06 

1.07 

1.08 

2 

1.060 

1.0816 

1.1025 

1.1236 

1.1449 

1.1664 

3 

1.092727 

1.124864 

1.157625 

1.191016 

1.225043 

1.259712 

4 

1-.125509 

1.169859 

1.215506 

1.262477 

1.310796 

1.300488 

5 

1.159274 

1.216653 

1.276282 

1.338226 

1.402551 

1.469328 

6 

1.194052 

1.265319 

1.340096 

1.418519 

1.500730 

1.5S6874 

7 

1.229S74 

1.315932 

1.407100 

1.503630 

1.605781 

1.71-3824 

8 

1.266770 

1.368569 

1.477455 

1.593848 

1.718186 

1.850930 

9 

1.304773 

1.423312 

1.551328 

1.689479 

•  1.838459 

.  1.999004 

10 

1.343916 

1.48024i 

1.628895 

1.790848 

1.967151 

2.158924 

11 

1.3842.34 

1.539454 

1.710339 

1.89S299 

2.104851 

2.3-31638 

12 

1.425761 

1.601032 

1.795856 

2.012196 

2.252191 

2.518170 

13 

1.468534 

1.665074 

1.885649 

2.132928 

2.409845 

2.719623 

14 

1.512590 

1.731676 

1.979932 

2.260904 

2.578534 

2.937193 

15 

1.557967 

1.800944 

2.078928 

2.-396558 

2.759031 

3.172169 

16 

1.604706 

1.872981 

2.182875 

2.540352 

2.952163 

3.425942 

17 

1.652S4S 

1.947900 

2.292018 

2.692773 

3.158815 

3.700018 

18 

1.702433 

2.025S17 

2.406619 

2.854339 

3.379932 

3.996019 

19 

1.753506 

2.106849 

2.526950 

3.025600 

3.616527 

4.-315701 

20 

1.806111 

2.191123 

2.653298 

3.207135 

3.869684 

4.660957 

21 

1.860295 

2.278768 

2.785963 

3.-399564 

4.140562 

5.033833 

22 

1.916103 

2.369919 

2.925261 

3.603537 

.  4.430401 

5.436540 

23 

1.973587 

2.4tii716 

3.071524 

3.819750 

4.740529 

5.871463 

24 

2.032794 

2.563304 

3.225100 

4.048935 

5.072366 

6.341180 

25 

2.093778 

2.665836 

3.3SG355 

^91871 

5.427432 

6.848475 

• 

■ 

To  compute  compound  interest  by  this  table. 

Rule. — For  a  whole  number  of  years.  Multiply  the  amount, 
given  in  the  table,  of  $1  or  £1  at  the  given  rate  for  the  given  num- 
ber of  years,  by  the  principal. 

For  a  final  fraction  of  a  year.  Compute  interest  on  the  amount 
of  the  previous  whole  number  of  years. 

Examples  for  Practice. 

1.  What  is  the  interest  of  8250  for  10  years,  at  6%  compound 
interest,  payable  annually  ?  Ans.  §197.71,2. 


Questions. — 224.  Why  is    Compound    Interest  computed  by  the  aid  of 
fcables  ?    What  is  the  rule  ? 
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Written  Process. 
$1.79  0848  Am'tof  $1. 
2  50  Prin. 


447.712  000  Am'tof  S250. 
250  Prin.  subtracted. 


$197,712 


Mental  Process. 

The  amount  of  $250  for 
10  years  is  250  times  the 
amount  of  81  for  the  same 
time  and  at  the  same  rate. 


Int.  of  $250. 


Ex.  2.  What  is  the  amount,  at  compound  interest,  of  $1200 
for  5yr.  6mo.,  at  8%,  payable  annually?      Ans.  $18o3.72,l-(-. 


Written  Process. 

$1.469328       Am't  of  $1  for  Syr. 
1200  Principal. 


1763.193600  Am't  of  $1200  for  Syr. 
1.04       Am'tof$l  for  6mo. 


70527744 
17631936 


$1833.721344   Am't  of  $1200  Ans. 


Explanation. 

After  getting  the 
amount  of  $1200  for 
5yr.,  it  becomes  a 
new  principal  for  the 
last  6  months,  and 
the  interest  is  calcu- 
lated on  this  in  the 
usual  way. 


Ex.  3.  What  is  the  amount,  at  compound  interest,  of  $75  for 
72  years,  at  5%,  payable  annually?  Ans.  $2515.88,5. 

Process  Indicated. 

'  $3.38635  5  *X  75  =  $253.976625  Am't  for  first  25yr. 
$3.2251  X  253.976625  =  $819.10  Am't  for  next  24yr. 
$3.071524  X  819.10  =  $2515.885  Am't  for  next  23yr. 

(72  in  all.) 

Explanation. 

We  here  divide  72yT.  into  parts  that  come  within  the  range  of  the 
table  ;  then  compute  for  the  first  part,  use  that  amount  as  a  prin- 
cipal for  the  second  part,  and  that  amount  as  a  principal  for  the  last 
part. 

4.  What  is  the  compound  interest  of  $650  for  7yr.  3mo.,  at 
3%,  payable  annudlly?  Ans.  $155.41,3+. 

5.  What  is  the  amount  of  one  cent  for  100  years,  at  6%  com- 
pound interest,  payable  annually?  Ans.  $3.39,3-f- 
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DISCOUNT. 

Art.  SS5.  Discount  is  a  deduction  from  a  price  or  debt, 
made  by  the  seller  or  creditor,  for  a  specific  reason.  It  is  of 
tiiree  kinds,  viz.,  price  discount,  true  or  equitable  discount,  and 
hank  discount. 

Price  discount  is  a  deduction  from  tbe  price  of  goods,  or  the 
par  value  of  money,  stocks,  bonds,  and  drafts.  It  is  reckoned 
as  a  percentage  of  the  price  or  par  value. 

Note. — Par  value  is  nominal  value,  and  does  not  always  correspond  to 
real  value.  Thus,  the  par  value  of  a  five-dollar  bank-bill  is  $5 ;  but  its 
real  value  may  sometimes  be  less. 

True  or  equitable  discount  of  a  note  or  account  is  the  interest 
of  the  sum  remaining  after  the  discount  is  made,  for  the  time 
between  the  payment  and  maturity  of  the  debt.  It  proceeds  on 
the  supposition  that  money  due  at  a  future  time  is  now  worth 
only  that  principal  which,  with  its  interest  for  the  time,  will 
amount  to  the  future  debt;  because  the  debtor,  if  he  withholds 
it,  or  the  creditor,  if  he  receives  it,  may  get  interest  on  it  for  the 
time. 

The  true  present  worth  of  a  sum  of  money  due  in  the  future, 
is  that  principal  of  which  the  given  sum  is  the  a/mountj  for  the 
time  intervening. 

Art.  ^S6.  To  compute  the  true  present  worth  and  dis- 
count of  a  given  sum,  due  at  a  future  time.  « 

Ex.  1.  I  buy  goods,  on  a  credit  of  4  months,  for  $5250.50 ;  if 
I  conclude  to  pay  now,  what  discount  should  I  receive,  at  6  ^  ? 

Ans.  $102.95,1. 

Process  Indicated.  Mental  Process. 

$5250.50 -f- 1.02  =  $5147.54,9+  The  amount  of  $1, 

$5  2  5  0.5 0  -  $5 1 4 7.5 4,9  =  $  1 0  2.9  5,1      f^^^^^o^^^^t""^  ^^^' 
'  '         IS  ?1.02.      Therefore, 

if  that  which,  four  months  hence,  will  be  worth  $1.02,  is  now  worth 

$1,  then  that  which,  four  months  hence,  will  be  worth  $5250.50,  "is 

now  wortli  as  many  dollars  as  $1.02  is  contained  times  in  $5250.50, 

that  is,  $5147.54,9.     The  discount,  therefore,  must  be  $5250.50 — 

$5147.54,9  ;  that  is,  $102.95,1. 

Questions. — 225.  What  is  discount?  Of  what  kinds  is  it?  What  is  pric* 
discount  ?  What  is  par  value  ?  What  is  true  discount  ?  On  what  supposition 
does  it  proceed  ?     Why  ?     What  is  true  pr-esent  worth  ? 
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Rule. — Divide  the  given  sum  hy  the  amount  of  SI  or  £1  for 
the  given  time  amd  rate :  the  quotient  is  the  present  worth. 

Subtract  the  'present  wprth  from  the  given  sum :  the  remainder 
is  the  discount. 

Note. — TMs  process  is  similar  to  Case  VIII.,  Art.  221. 

Examples  for  Practice. 

.  2.  What  are  the  present  worth  and  discount  of  $896.87,5  due 
6mo.  hence,  at  5%  ?  Ans.  P.W.  $875;  D.  $21.87,5. 

3.  What  are  the  present  worth  and  discount  of  81315.62^  due 
9nio.  hence,  at  7%  ?  Ans.  P.W.  81250 ;  D.  $65.62*',5. 

4.  What  are  the  present  worth  and  discount  of  $1543.56  due 
3mo.  3da.  hence,  at  6%  ?  Ans.  P.W.  $1520;  D.  $23.56. 

5.  Wm.  Richards  gave  a  note  for  his  debt  of  $558  due  in 
4mo.,  but  the  same  day  changed  his  mind,  searched  for  and 
bought  his  note.  How  much  ought  he  to  have  given  for  it  if 
money  then  ruled  at  10%  per  annum?  Ans.  $540. 

6.  How  much,  if  money  was  then  worth  11%  a  month? 

Ans.  $526.41,5+. 
T.  F.  Neal,  of  London,  sold  me  goods,  valued  at  £100  15s. 
6d.,  on  6  months'  credit.     How  much  should  I  have  remitted  to 
him  if  I  concluded  to  pay  him  immediately,  money  being  worth 
5%  ?  Ans.  £98  6s.  4d.  nearly. 

BANK  DISCOUNT,  AND  BANKING. 

Art.  S27.  Bank  Discount  is  the  interest  of  the  face 
of  a  note,  deducted  from  the  face  of  the  note  at  the  time  of  the 
loan. 

A  bank  is  an  association  of  persons  legally  established  for  the 
plirpose  of  dealing  in  money. 

A  bank  of  deposit  is  a  bank  legally  empowered  to  receive  and 
take  charge  of  the  money  of  others, 

A  deposit  is  money  or  its  equivalent  intrusted  to  the  keeping 
of  a  bank. 

A  depositor  is  a  person  who  makes  a  deposit  at  a  bank. 

Al  check  is  a  written  order  on  a  bank  for  money. 


Questions. — 226.  How  do  we  compute  true  present  worth  and  discount  ? — 
227.  What  is  bank  discount?  What  is  a  bank?  A  bank  of  deposit ?  What 
is  a  deposit  ?     A  depositor  ?     A  check  ? 
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A  hanh  of  discount  is  a  bank  legally  empowered  to  loan 
money. 

A  hank  of  issue  is  a  bank  legally  ejnpowered  to  pay  out  its 
own  promissory-notes  as  money.  These  notes  are  frequently 
called  hank-hills. 

The  aflPairs  of  a  bank  are  usually  managed  by  a  hoard  of 
directors.  Their  principal  officers  are  a  -president^  a  cashier, 
who  superintends  the  accounts  of  the  bank,  and  one  or  more 
tellers  to  receive  and  pay  out  money. 

A  bank  is  said  to  discount  a  note  when  it  loans  money  on  a 
note  drawn  for  a  definite  time,  deducting  the  interest  of  its  face 
from  its  face  at  the  time  of  the  loan. 

The  avails  or  proceeds  of  a  note  discounted  are  the  face  of 
the  note  less  the  discount ;  that  is,  the  sum  received  for  the 
note. 

In  calculating  the  day  of  maturity  of  a  note,  three  days,  called 
days  of  grace,  are  usually  added  to  the  time  specified  in  the 
note. 

Case  I. 

Art.  228.  To  find  the  bank  discount  and  proceeds  of  a 
note. 

Ex.  1.  What  are  the  date  of  maturity,  discount,  and  proceeds 
of  the  following  note,  discounted  Sept.  15,  at  6%  ? 

$40y0/o.  Allegheny,  Sept.  15,  1858. 

Sixty  days  after  date,  I  promise  to  pay  to  the  order  of  J.  M. 
Reed  forty  dollars,  without  defalcation,  value  received. 

M.  MUNROE. 

Ans.  Due  Nov.  14/17;  Discount,  $0.42;  Proceeds,  $39.58. 

y^             ^.  Explanation. 

Written  Process.  tt  /ja  j  n  j 
*A  Ai  n;;  T  4.  />  ©i  i?  ^o  j  Here  60  days  are  called 
$0.0105  Int.  of  $1  for  63  days.  2  months,  and  interest  is 
40  Face  of  note.  calculated  for  $1  for  2mo. 

$0.4200  Int.  of  $40.  ^        ?^^-'  which _  is  multiplied 

by  the  principal.    The  pro- 

$40-$0.42  =  $39.58  Proceeds.  duct,  42cts.,  is  taken  as  dis- 
count from  the  principal. 


Questions. — 227.  What  is  a  bank  of  discount  ?  A  bank  of  issue  ?  By  whom 
are  banks  managed  ?  When  does  a  bank  discount  a  note  ?  What  are  the  pro 
ceeds  ef  a  note  ?    What  are  days  of  grace  ? 
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Rule. —  Compute  the  interest  on  the  face  of  the  Twte  for  the 
time  between  the  day  of  discounting  it  and  three  days  after  the 
time  mentioned  in  it:  this  will  he  the  discount. 

Subtract  the  discount  from  the  face  of  the  note:  the  remainder 
is  the  proceeds. 

Note. — Bank  discount  exceeds  true  discount  by  the  interest  of  the 
true  discount  for  the  time.  Thus,  the  bank  discount  of  $106  for  a  year, 
(excluding  days  of  grace,)  at  6  per  cent.,  is  $6.36;  while  the  true  dis- 
count is  $6.     The  difference,  36cts.,  is  the  interest  of  $6  for  a  year. 


Examples  for  Practice. 

2.  Find  the  maturity,  discount,  and  proceeds  of  a  note  drawn 
for  $500,  sixty  days,  dated  and  discounted  Jan.  5,  1859,  at  6%. 

Ans.  Due  March  6/9;  Discount,  $5.25;  Proceeds,  $49-4.75. 

3.  Of  a  note  drawn  for  $300,  ninety  days,  dated  March  10, 
1858,  and  discounted  April  13,  1858,  at  10%,by  daysas365tbs. 

Ans.  Due  June  8/11;  Dis.  $4.81,9+;  Proceeds,  $295.15+. 

4.  Of  a  note  drawn  for  $250,  four  months,  dated  July  1, 1858, 
and  discounted  Aug.  15,  1858,  at  12%,  by  days  as  360ths 

Ans.  Due  Nov.  1/4;  Dis.  $6.75;  Proceeds,  $243.25. 

5.  Of  a  note  drawn  for  $110,  three  months,  dated  and  dis- 
counted May  2,  1859,  at  IJ  per  cent,  a  month. 

Ans.  Due  Aug.  2/5;  Dis.  $5.11,5;  Pro.  $104.88,5. 

6.  Of  a  note  drawn  for  $1750,  six  months,  dated  Sept.  7, 1858, 
and  discounted  Nov.  22,  1858,  at  7%  per  annum. 

J  Ans.  Due  March  7/10, 1859;  Dis.  $36.74,9; 
I      Proceeds,  $1713.25,1. 

7.  Mton  June  15,  you  buy  a  note  dated  January  15,  drawn 
for  SSu^ight  months,  what  should  you  pay  for  it,  money  being 
2%  a  month?  Ans.  $75.04. 

Case  II. 

Art.  3^9.  To  make  a  note,  of  which  the  proceeds  shall 
be  a  given  sum. 

Ex.  1.  For  what  sum  must  I  give  a  note,  payable  in  90  days, 
to  draw  from  bank  $1969  on  a  discount  of  6%  ?    Ans.  $2000. 


Questions. — 228.  How  do  we  find  the  bank  discount  and  proceeds  of  a 
note  ?     How  much  does  bank  discount  diflFer  from  true  discount  ? 
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Written  Process. 
$1. 

.0155  Int.  of  $1  for  9  3da.  Mental  Process. 


If  $0.9845  proceeds 

S0.9  845  Proceeds  of  $1.  require    $1   of  /ace, 

.9845)1969.0000(2  000  tlien  $1969  proceeds 

19690  will  require  as  many 

aoilars     oi    lace     as 

^TTa"  $0.9845   is  contained 

^^^  times  in  $1969,  that 

Proof.  Int.  of  $2  0  0  0  for  9  3da.  =$31.  is,  $2000. 
$2000-$31  =  $1969. 

Rule. — Divide  the  given  proceeds  hy  the  proceed?,  of  one 
dollar  on  the  given  conditions. 

Examples  for  Practice. 

2.  For  what  must  a  note  be  given,  payable  in  60  days,  to 
draw  from  bank  S300,  on  a  discount  of  6%  per  annum  ? 

Ans.  By  360ths,  S303.18,3+;  by  365ths,  $303.13,9+. 

3.  What  must  be  the  face  of  a  4  months  note,  to  draw  $800, 
on  a  discount  of  1%  a  month?  Ans.  $834.20,2+. 

4.  Of  a  60  day  note,  to  draw  $1536.50,  on  a  discount  of  2% 
a  month?  Ans.  $1603.86,2+. 

5.  Of  a  6  months  note,  to  draw  $9700,  on  a  discount  of  10% 
per  annum?  Ans.  $10219.49,07+. 

STOCKS. 

Art.  S30.     Stock  is  a  name  applied — 

1st.  To  the  capital  and  privileges  of  chartered  companies, 
called  corporations;  ^ 

2d.  To  the  bonds  issued  by  governments;  and  " 

3d.  To  the  property  of  persons  in  business. 

The  stock  of  incorporated  companies  is  usually  represented  by 
shares,  each  one  of  which  entij;les  the  owner  to  a  definite  portion 
of  the  profits,  losses,  or  expenses  of  the  concern.  The  owners 
of  the  shares  are  called  stockholders. 

Stocks  are  said  to  be  at  par  when  shares  sell  for  their  cost, 
or  bonds  sell  for  their  face;  above  par,  or  at  a  premium,  when 
shares  sell  for  more  than  their  cost,  and  bonds  sell  for  more  than 


Questions. — 229.  How  do  we  make  a  note,  of  whicli  the  proceeds  shall  be  a 
given  sum  ? — 230.  What  is  stock  ?  How  is  it  represented  ?  When  are  stocks 
at  par  ?     Above  par  ? 
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their  face;  helow  par,  or  at  a  discount,  when  shares  sell  for  less 
than  their  cost,  and  bonds  sell  for  less  than  their  face. 

Premium  and  discount  are  reckoned  as  a  percentage  of  the 
par  value. 

Case  I. 

Art.  ^31.  To  find  the  worth  of  a  given  number  of  shares, 
when  the  stock  is  at  a  premium  or  discount. 

Ex.  1.  If  I  bid  ofi",  at  auction,  15  shares  of  bridge  stock,  par 
value  $25,  at  20^  premium,  what  must  I  pay  for  them? 

Ans.  $450. 

Process  Indicated.  Mextal  Process. 

$25  X  15  X  1.20  =  S4 50        If  $1  par  is  worth  $1.20  at  20 

or  per   cent,  premium,  then  $25  par 

$25  X  15  =  $3 75  ^^"®  worth  25  times  $1.20;  that  is, 

S3  75V    ^0  =  S75  ^^^ '   ^"^^  ^^  shares  are  worth  15 

$3  7  5  +  ST^S  =  S4  5  0        '™'^  ^^° '  *"' '''  ^^"^^ 

Rule. — Find  the  per  cent,  prem^ium  or  discount,  and  add  it 
to  the  par  value  icJien  the  stock  is  above  par,  and  subtract  it 
from  file  par  value  when  the  stock  is  below  par. 

Examples  for  Practice. 

2.  What  cost  24  shares  bank  stock,  par  value  $50,  at  25% 
above  par?  Ans.  $1500. 

3.  What  cost  32  shares  railroad  stock,  par  value  $50,  at  40% 
below  par?  Ans.  $960. 

4.  What  cost  18  shares  plank-road  stock,  par  value  $25,  at 
60%  discount?  Ans.  $180. 

Case  II. 

Art.  S3^.  To  find  the  number  of  shares  that  can  be 
bought  for  a  given  sum. 

Ex.  1.  How  many  shares   of  bank   stock,  $50   par,  can  be 

bought  for  $500,  at  25  %  premium  ?  Ans.  8  shares. 

Process  Indicated.  Mental  Process. 

$50  X  1.2  5  =  $62.50      If  $1.25  will  purchase  $1  par,  it  will 
$5  0  0  —  $6  2.5  0  =  8         take  50  times  $1.25  to  purchase  $50  par ; 
that  is,  $62.50;  and  $500  will  purchase 
as  many  shares  at  that  price  as  $62.50  is  contained  times  in  $500. 

Questions. — 230.  "WTien  are  stocks  below  par  ?  How  are  premiiiin  and  dis- 
count  reckoned  ?  —231.  How  do  we  find  the  worth  of  a  given  number  of  shares? 
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EuLE. — Find  the  price  of  one  share j  and  divide  the  given 
sum  hy  it. 

Examples  for  Practice. 

2.  How  many  shares  of  gas  stock,  par  value  S25,  can  be 
bought  for  S440  at  10%  above  par?  Ans.  16  shares. 

3.  How  many  shares  of  museum  stock,  par  value  $100,  can 
be  bought  for  $1500,  at  25%  discount?  Ans.  20. 

4.  How  many  shares  of  bank  stock,  par  value  $50,  can  be 
bought  for  $2500,  at  25%  premium  ?.  Ans.  40. 

Case  III. 

Art.  S33.  To  find  the  rate  of  interest  obtained  by  pur- 
chasing a  given  stock  at  a  given  price. 

Ex.  1.  Gr.  Tappan  bought  copper-mining  stock  for  $250  per 
share,  and  received  annual  dividends  of  $30  per  share.  What 
rate  of  interest  did  he  get?  Ans.  12%. 

Process  Indicated.  Eemark. 

$3  0  -j-  $2  5  0  =  .1 2  =  1 2  per  cent.       This  is  like  Case  VI.  Art. 

219,  in  Interest,  which  see. 

Rule. — Divide  the  dividend  hy  the  cost  of  the  stock. 

Examples  for  Practice. 

2.  Grave  $55  per  share  for  bank  stock,  par  value  $50,  and 
receive  $4  dividend  per  share  semi-annually.  What  rate  of 
interest  do  I  receive  ? 

Ans.  7j\  per  cent,  per  6mo.;  14 jy  per  annum. 

3.  Gave  $20  per  share  for  ferry  stock,  and  receive  $1  per 
share  dividend  annually.     What  rate  of  interest  do  I  receive  ? 

Ans.  5%. 

4.  Gave  $600  for  a  6%  railroad  bond  of  $100«,  and  drew  its 
interest  regularly.     What  rate  of  interest  did  I  receive  ? 

Ans.  10%. 
Case  IV. 

Art.  234.  To  find  the  annual  income  from  a  given  sum, 
invested  in  a  given  stock,  at  a  given  price. 

Ex.  1.  What  income  is  derived  from  $17600,  invested  in 
government  6%  stocks  at  $88  for  $100  par?  Ans.  $1200. 

Questions. — 232.  How  do  wo  find  the  number  of  shares  that  can  be  bought 
for  a  given  sum  ? — 233.  How  do  we  find  the  rate  of  interest  paid  by  purchasing 
stock  ? 
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Process  by  Proportion.  Mental  Process. 

688  :  $17600  ::  ^6  :  $1200       If  f88  yield  ^6  mcome,  $17600 

will  yield  as  many  times  $6  income 
as  $88  are  contained  times  in  $17600 ;  that  is,  200  times  $6  or  $1200. 

Rule. — Divide  the  given  sum  hy  the  price  of  the  stock,  and 
multiply  the  quotient  by  the  rate  paid  hy  the  stock. 

Examples  for  Practice. 

2.  What  annual  income  may  be  derived  from  investing  $14000 
in  government  5  per  cents,  at  70  ?  Ans.  $1000. 

3.  From  investing  $25000  in  stock  paying  $1  per  share,  at 
$20  per  share?  Ans.  $1250. 

4.  From  investing  $21200  in  government  6  per  cents.,  at 
$1.06?  Ans.  $1200. 

Case  V. 

Art.  335.  To  find  what  price  must  be  paid  for  a  given 
stock  that  its  dividends  may  be  a  given  rate  of  interest. 

Ex.  1.  What  must  I  bid  for  a  6%  bond  of  $1000  that  I  may 
receive  10%  interest  on  my  money?  Ans.  $600. 

Explanation.— The  bond  yields  6fo  of  $1000;  that  is,  $60 
annually.  But  $60  is  10  per  cent,  of  what  number?  Analysis. — If 
$60  is  10  per  cent,  of  a  certain  number,  ^  of  $60,  that  is,  $6,  must 
be  1  per  cent,  of  that  number  ;■  and  100  times  $6,  that  is  $600,  must 
be  that  number. 

Or,  6  per  cent,  of  a  number  is  10  per  cent,  of  ^^  of  that  number. 

Rule. — Multiply  the  par  value  of  the  stock  hy  that  fraction 
which  is  made  of  the  fixed  interest  for  a  numerator ,  and  tJie 
required  interest  for  a  denominator. 

Examples  for  Practice. 

2.  How  much  may  be  paid  for  bank  stock,  par  value  $50, 
dividend  10%,  that  the  purchaser  may  realize  8%  ? 

Ans..  $62.50. 

3.  For  gas  stock,  par  value  $25,  dividend  8%,  to  realize  12%  ? 

Ans.  $16,661. 

4.  For  telegraph  stock,  par  value  $100,  dividend  12%,  to 
realize  15%?  Ans.  $80. 

Questions. — 234.  How  do  we  find  the  annual  income  from  investing  a 
given  sum  in  stock?— 235.  How  do  we  find  what  to  pay  for  a  stock  to  realize  a 
given  interest? 
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CHAPTER  XVII. 

EQUATION  OF  PAYMENTS. 

Art.  S36.  Equation  of  Payments  is  the  process  of 
finding  tlie  proper  time  for  paying  two  or  more  debts  due  at 
diiferent  times. 

An  account  is  a  formal  statement,  made  by  one  party,  of  his 
commercial  transactions  with  another.  It  has  a  debtor  side, 
marked  Dr.,  and  a  creditor  side,  marked  Cr.  The  Dr.  side 
shows  the  items  paid  or  sold  to  the  other  party.  The  Cr.  side 
shows  the  items  received  from  the  other  party.  The  date  of 
each  transaction  is  stated  in  the  account. 

The  balance  of  an  account  is  the  excess  of  the  indebtedness 
of  one  party  in  the  account  over  that  of  the  other,  and  is  so 
called  because  it  would  equalize  or  balance  the  sides  if  added  to 
the  less  side. 

An  account  current  is  an  account  in  which  the  items  are 
usually  allowed  interest,*  and,  if  allowed  a  term  of  credit,  ^re 
dated  at  the  time  they  become  due,  that  is,  when  the  term  of 
credit  expires.  Accounts  current  are  usually  settled  or  balanced 
at  the  end  of  six  months  or  a  year. 

Equation  of  Payments  is  of  two  kinds, — viz.,  Simple  and 
Confipound. 

SIMPLE   EQUATION   OF   PAYMENTS. 

Art.  S3 7.  Equation  of  Payments  is  called  simple  when 
the  items  to  be  equated  are  all  on  one  side  of  the  account. 

*  For  the  sake  of  uniformity,  and  because  of  its  easiness,  the  interest 
computed  in  examples  in  this  chapter  should  be  at  6%,  by  taking  one- 
sixth  of  the  number  of  days  as  mills 


Questions. — 2.36.  What  is  Equation  of  Payments?  What  is  an  account? 
The  balance?  An  account  current? — 237.  What  is  simple  equation  of  pay- 
ments ? 
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Art.  S3  8.  To  find  the  equitable  time  for  paying  debts 
due  at  diff"erent  times. 

Ex.  1.  Bought  $500  worth  of  goods  on  a  credit  of  2  months, 
and,  at  the  same  time,  $1000  worth  on  a  credit  of  8  months.  I 
afterward  concluded  to  pay  both  debts  at  one  time.  When  should 
it  be  ?  Ans.  In  6mo.  from  purchase. 


By  Interest,  {Qfo.) 
$500  6mo.        =        $15.00 
$1000  Omo.        =  00 

$1500  Imo.  =  $7.50) $15.00 

Backward  2mo. 
8  —  2  =  6mo.  fr.  purchase. 

By  Products. 
.    500X6  =  3000 

1000  xo  =  oooo 


1500 


)3000 


Backward  2 

Another  Method. 

500X2  =  1000 

lOOOx  8  =  8000 


1500 


)9000 


Forward  6 

Proof. 
Int.    $500  4mo.  =$10.  Am't.  $510 
Int.  $1000  2mo.  =  $10.  P.W.   $990 


$1500 


$1500 


Explanation. 

My  creditor  should 
have  the  use  of  the 
first  debt  from  its 
maturity  to  that  of 
the  second :  worth 
$15  at  6^.  If  de- 
prived of  this,  by  put- 
ting both  payments  in 
one,  he  should  have 
both  long  enough  to 
yield  $15  ;  that  is,  as 
many  months  as 
$7.50,  the  int.  of  both 
1  month,  is  contained 
times  in  $15. 

In  the  first  process 
by  products,  we  re- 
present the  use  of 
money  bt/  the  creditor 
by  the  product  of  mo- 
ney  and  time,  omitting 
the  common  factor 
rate.  In  the  second 
process  by  products, 
we  represent  the  cre- 
dits enjoyed  by  the 
debtor  in  the  same 
way,  all  his  privi- 
leges   amounting     to 


the  use  of  both  debts  6  months.  In  proving,  we  use  ba7ik  discount 
for  what  is  paid  before  its  time,  because  the  allowance  of  true  dis- 
count would  require  a  tedious  process.  In  business,  bank  discount 
is  always  given  in  such  cases. 


Ex.  2.  Sold  N.  Adair  goods  on  credit  as  follows : — Jan.  15, 
$150,  four  mo. ;  Feb.  4,  $300,  four  mo. ;  March  5,  $500,  five 
mo. ;  April  2,  $1000,  six  mo.  He  afterward  wished  to  pay  all 
at  once.     When  should  it  be  ?  Ans.  Aug.  19. 
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First  Method. 

Due. 

da.                 $ 

May  15. 

120X    160=    18000 

June  4. 

140X    300=    42000 

Aug.  5. 

202X    500  =  101000 

Oct.    2. 

260  X  1000  =  260000 

1950    )421000 


From  Jan.  15.  215|f  da. 


Second  Method. 

$  da. 

150x0      =  0 

300X20    =       6000 

500X82    =     41000 

1000x140=  140000 


1950  )18700Q 

From  May  15.  95|fda. 


Int. 


Dis. 


I*ROOF. 

SI  5  0  from  May  15  to  Aug.  IJ,  (9  5  jf  da.)  =  $2.35  7+ 
$300     "    June  4        "  (7  5|f da.)  =  $3.794-i- 

$500     "     Aug.  5        "  (13 II  da.)  =  $1.1 5  8+ 

$1000     "     Oct.    2        "       ■   (44 


3%  da.)  =  87.3  50+ 


Explanation. — We  seek  such  a  date  that  the  interest  of  those 
debts  which  are  paid  after  their  maturity,  for  their  time  over-due, 
shall  equal  that  of  those  debts  which  are  paid  before  their  maturity, 
for  their  time  prepaid.  We  find  this  date  by  averaging  from  an 
assumed  date.  In  the  first  method  we  average  from  January  15, 
reasoning  as  follows : — $150  running  120  days  after  January  15, 
equals  $1  running  150  X 120,  or  18000  days  after  January  15,  &c.  All 
the  maturities  equal  $1  maturing  421000  days  after  January  15,  or 
$1950  maturing  j-^^  of  421000,  or  215f  |  days  after  January  15.  In 
the  second  method,  we  average  in  the  same  way  from  May  15,  and 
find  the  same  date.  For  extreme  accuracy,  the  proof  is  here  calcu- 
lated to  the  fraction  of  a  day,  (reckoning  to  and  from  the  Shd  of  the 
days  of  date, )  but  in  practice  such  exactness  is  not  necessary. 

Rule. —  Compute  the  interest  on  the  items  to  the  last  date,  and 
divide  it  hy  the  interest  of  the  sum  of  the  debts  for  one  period  of 
time.     Reckon  the  quotient  hack  from  the  last  date;  or, 

Assume  some  convenient  date  from  tvhich  to  reckon,  such  as  the 
last  or  the  first,  or  some  date  before  the  first  or  after  the  last.  Mul- 
tiply each  debt  by  the  units  of  time  between  the  assumed  date  and 
the  day  of  that  debits  becoming  due,  and  divide  the  sum  of  the  pro- 
ducts by  the  sum  of  the  debts.  When  the  first  or  an  earlier  date  is 
assumed,  reckon  the  quotient  forward  from  it;  when  the  last  or  a 
later  date  is  assumed,  reckon  the  quotient  backward  from  it. 


Question.— 2J 
difFerent  times  ? 


How  do  we  find  the  equitable  time  for  paying  debts  due  at 
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Note  1. — When  the  quotient  has  a  fraction  of  a  day,  neglect  it. 

Note  2. — Reckon  fi-actions  of  $1  as  $1  if  more  than  SOcts.,  or  as  0 
if  less  than  oOcts. 

Note  3. — Some  think  it  best  to  assume  the  last  day  of  the  year,  and 
determine  each  product  at  the  time  of  the  transaction,  thus  having  the 
account  ready  to  equate  at  any  time. 

Let  tlie  pupil^  by  several  assumed  dates,  equate  each  of  tlie 


following 

Examples  for  Practice 

3.  Holt  &  Ward's  account  against  me  is  as 

follows 

: — 

1859.  Jan.  4. 

M'dse 

1  (4mo.  cr.) 
(3mo.  cr.) 

S240 

Feb.  16. 

$150 

Marcb  23. 

(4mo.  cr.) 

8500 

April  14. 

(6mo.  cr.) 

$760 

May  12. 

(4mo.  cr.) 

8400 

June  1. 

(4mo.  cr.) 

8250 

When  should  I  pay  if  it  is  agreed  to  equate 

J? 

Ans.  Aug.  23 

4.  My^  account  against  Collins  &  Park  is  as 

foil 

ows 

;: — 

1859.  Jan.  13. 

MMse 

1  (4mo.  cr.) 

8125 

Feb.  10. 

a 

(6mo.  cr.) 

8800 

March  8. 

a 

(4mo.  cr.) 

8440 

April  28. 

a 

(3mo.  cr.) 

8230 

May  20. 

a 

(4mo.  cr.^ 
(2mo.  cr.) 

8200 

June  10. 

u 

8100 

When  should  they  pay  if  it  is  agreed  to  equate  ? 

Ans.  July  31. 

COMPOUND  EQUATION  OF  PAYMENTS. 

Art.  330.  Equation  of  Payments  is  called  compound 
when  the  items  to  be  equated  are  on  both  sides  of  an  account; 
that  is,  when  there  are  both  debits  and  credits. 

Art.  340.  To  find  the  equitable  time  for  paying  the 
balance  of  an  account  current. 

Ex.  1.  On  May  12,  1858,  A  buys  82000  worth  of  goods  of  B, 
on  a  credit  of  6  months.  Two  months  afterward,  A  pays  8500, 
and,  1  month  after  that,  8500  more.  How  long  should  A  keep 
the  balance  beyond  the  term  of  credit  ? 

Ans.  3i  months;   or  till  Feb.  27,  1859. 


Question. — 239.  When  is  equation  of  payments  compound  ? 


268 


EQUATION   OF    PAYMENTS. 


Form  of  the  Account. 


Dr. 

A  in  Acc't  Current  wUh  B 

a-. 

1858. 

% 

ct. ; 

1858. 

$ 

ct. 

Nov.  12. 

To  M'dse. 

/ 

/ 

/ 

2000 

1 

July  12. 
Aug.  12. 

1859. 

Feb.  27. 

ByCaah 

500 
500 

1000 

Process  by  Interest. 
S500     4mo.         =     810 


$500     3mo.         = 


7.50 


$1000  haL  Imo.    =  85)17.50 
3Jmo. 


Process  by  Products. 

500  X4  =  2000 
500  X3  =  15Q0  . 

Bal.  1000)3500 

3imo. 


Mental  Process. 

A  loses  and  B  enjoys  the  interest  of  $500  4mo.  before  due,  and 
$500  3mo.  before  due  ;  in  all,  $17.50.  A  should  keep  the  balance, 
$1000,  till  its  interest  is  $17.50. 

Here  notice  that  interest  is  owed  by  one  party,  and  the  balance  by 
another,  and  tlie  quotient  3^  months  is  reckoned  forward. 

Ex.  2.  When  did  the  halance  of  the  following  account  become 
due,  considering  each  item  due  at  date  ? 


Dr. 

R.  Sample  in  Acdt  Our.  with  B.  Mason  <&  Co. 

Or. 

1853. 

da. 

Int. 

$ 

ct.  ||     1S58. 

da. 

Int'l    $ 

ct. 

Jan.  6. 

To  M'dse. 

135 

1.92 

85 

25  '  Jan.  13. 

By  M'dse. 

128 

1.60 

75 

"    8. 

"       " 

133 

1.77 

79 

75  1 

Apr.  7. 

ii       ii 

44 

.32 

43 

87 

1    Feb.  4. 

"       '• 

106 

.35 

20 

May  12. 

"  Ca£h 

9 

.21 

142 

13    1 

'      "    7. 

«       « 

103 

3.69 

215 

1 

Apr.  3. 

U            ii 

48 

1.52 

190 

05 ; 

i 

May  21. 

U           ii 

29 

95  1 

Ans.  119da.  back  from  May  21 ;  that  is,  Jan.  22,  1858  j 
Or,  16da.  forward  from  Jan.  6;  that  is,  Jan.  22,  1858. 


Process  by  Interest. 
Sum  of  int.  of  Drs.  to  May  21  (see  acc't) 

U  U  QrS.  "  " 

Int.  of  bal.  $359  for  1  day 


89.25 
82.13 


80.05983)87.32 

119da.  nearly 
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First  Method  by  Products.  Second  Method  by  Products. 

$       da.               '    $       da.             jl    $       da.  I    $        da. 

85x135=114751  75x128=9600;  85x     0=  0    75x     7=     525 

80x133  =  10640]  44x  44=1936  j  80x     2=  160    44x  91=  4004 

20x106=  2120il42x     9=1278!  20x  29=  580;142x  126=17892 

?i^><i?^=-^J^^^        i^;;i^?^  B=.T^         2ii^ 


190x  48=  9120 

BOX     0= 0| 

620  55500 

261  12814 


359  )42686  (119da. 

Reckoned  back  from  May  21. 


190x   87=16530| 
30x135=  4050| 

620  28200 

261  22421 


359  )  5779(164-da. 

Reckoned  forward  from  Jan. 


Explanation. — In  the  process  by  interest  we  compute  interest  on 
each  item  to  May  21,  the  last  date.  The  debits  have  $7.12  more  in- 
terest than  the  credits,  and  there  are  $359.  more  debits  than  creditL^, 
Sample  therefore  owes  $359,  balance,  +  $7.12  interest.  His  $359 
should  therefore  be  considered  due  far  enough  back  of  May  21  to 
produce  $7.12.  In  the  first  method  by  products,  we  represent  the 
use  of  money  by  each  party  in  the  product  of  the  debt  into  its  time 
before  May  21.  It  appears  that  Sample  has  had  benefit  equal  to  the 
use  of  81  for  42686  days,  or  $359  for  119  days.  It  should  therefore 
be  considered  as  having  fallen  due  119  days  previous  to  May  21,  and 
he  should  be  charged  interest  for  that  time.  In  the  second  method 
by  products,  the  items  are  supposed  to  be  furnished  Jan.  6,  by  which 
supposition  Sample  is  deprived  of  the  use  of  $359  for  16  days.  He 
should  therefore  keep  it  for  16  days  beyond  Jan.  6. 

Here  notice  that  both  interest  and  balance  are  owed  by  one  party, 
and  that  the  quotient,  119  days,  is  reckoned  backward  from  the  last 
date,  May  21. 

Rule. —  Compute  the  interest  of  all  tlie  items  from  their  dates 
to  that  of  the  last  item.  Divide  the  balance  of  interest  by  the 
interest  of  the  balance  of  items  for  one  of  the  periods  of  time  used 
in  computing  the  interest  of  tlie  itons. 

Reckon  the  quotient  backward  from  the  last  date  lohen  the 
balance  of  items  and  that  of  interest  are  owed  by  one  party j  but 
forward  when  the  balance  of  items  is  owed  by  one  party,  and 
that  of  interest  by  the  other  ;  or, 

Find  the  products,  for  both  sides  of  the  accmmt,from  one  con- 
venient date,  by  the  rule  for  Simple  Equation,  and  divide  the  dif- 
ference of  the  amounts  of  the  debit  and  credit  products  by  the 
balance  of  items. 

Reckon  the  quotient  backward, 

\st.  When  the  assumed  date  is  the  last  given,  or  a  later  aate., 
and  tlie  larger  sum  of  items  is  on  tlie  side  of  the  larger  sum  of 
2i)roducts. 
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2d.  When  the  assumed  date  is  the  first  given,  or  a  prior  date, 
and  the  smaller  sum  of  items  is  on  the  side  of  the  larger  sum  of 
products. 

Rechon  the  quotient  forward, 

Ist.  When  the  assumed  date  is  the  last  given,  or  a  later  date, 
and  the  smaller  sum  of  items  is  on  the  side  of  the  larger  sum  of 
products. 

2d.  When  the  assumed  date  is  the  first  given,  or  a  prior  date, 
and  the  larger  sum  of  items  is  on  the  side  of  the  larger  sum  of 
products. 

Note. — If  the  equitable  time  for  paying  a  balance  comes  before  an 
account  is  actually  finished,  it  is  not  absurd,  since  it  merely  indicates 
that  interest  is  to  be  charged  on  that  balance  from  the  equitable  time  to 
settlement. 

Examples  for  Practice. 

3.  "What  is  the  balance  of  the  following  account^  and  the 
equitable  time  for  its  payment  ? 


W.  Post  in  Ac(ft  Our.  with  D.  Hall. 


Or. 


1859. 

Jan. 11. 

'•'    29. 

Mar.  7. 

«    22. 

May  13. 

To  M'dse. 

a        a 

$ 
400 
200 
500 
800 
300 

ct. 

1859. 

Mar.  1. 

j  Apr.  15. 

May  18. 

June  8. 

By  Cash 
By  M'dse. 
'•  M'dse. 
By  Cash 

$ 

500 
250 
375 
400 

ct. 

Ans.  Bal.  $675.     Due  Nov.  26,  1858. 

4.  What  is  the  balance  of  the  following  account,  and  the 
equitable  time  for  its  payment,  each  item  which  is  on  credit 
having  been  dated  at  the  time  of  the  transaction,  instead  of  the 
time  when  it  fell  due  ? 


Dr. 


L.  Beck  in  Ac<it  with  G.  Hays. 


1859. 

S 

ct. 

1859. 

$ 

ct. 

May  10. 

To  M'dse 

(3mo. 

cr.) 

900 

Jan.  4. 

By  M'dse. 

1200 

June,4. 

To  M'dse 

(3mo. 

cr.) 

700 

"   10. 

U               li 

1400 

July  6. 

To  Cash 

800 

"  24. 

u         cc 

2400 

"14. 

To  M'dse 

(3iuo. 

cr.) 

400 

Mar.  4. 

«          i-: 

800 

Nov.    6. 

To  Cash 

200 

Apr.  1. 

((          t) 

200 

Ans.  Balance  $3000.  Due  June  29,  1858. 


Question. — 240.  How  do  we  find  the  equitable  time  for  paying  the  balance 
of  aji  account  current? 
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Art.  34:1.  The  object  of  equating  an  account  current  is 
to  lead  the  parties  in  account  to  a  just  settlement  of  th«ir  claims 
upon  each  other.  If  the  parties  adjust  their  claims  and  close 
account  on  the  day  found  by  equating,  (provided  that  day  is 
subsequent  to  the  transactions  of  the  account,)  the  true  halance 
of  the  account  is  the  halance  of  items,  because  the  holder  of  that 
balance  has  then  held  it  till  its  interest  has  equaled  the  interest 
owed  him. 

If  the  parties  settle  before  the  equitable  time,  the  holder  of 
the  balance  should  be  allowed  discount  for  the  time  for  which  he 
has  lost  the  use  of  it  by  paying  it  before  it  is  due. 

If  the  parties  settle  after  the  equitable  time,  the  holder  of  the 
balance  should  be  charged  interest  on  it  for  the  time  that  he 
holds  it  beyond  the  equitable  time. 

Note. — The  rules  m  common  use  allo"w  the  debtor  bank  discount  on 
debts  paid  before  then'  time.  The  allowance  of  true  discpunt  would  re- 
quire a  tedious  process. 

Art.  24z2,  To  find  the  true  balance  of  an  account  current 
at  settlement. 

Rules. — I.  By  equation  of  time. 

Find  the  equitable  time  for  the  j^ayment  of  the  halance  of 
items.  If  settlement  is  at  that  time,  that  halance  is  the  true 
halance. 

If  settlement  is  before  the  equitahle  time,  deduct  from  the 
balance  of  items  its  interest  for  the  time  from  settlement  to  the 
equitahle  time. 

If  settlement  is  after  the  equitable  time,  add  to  the  balance  of 
items  its  interest  from  the  equitahle  time  to  settlem.ent. 

II.  By  computing  the  items  to  the  time  of  settlement. 

Find  the  interest  of  the  items  from  the  time  they  are  due  to 
settlement,  reckoning  in  with  the  interest  of  the  opposite  side  that 
of  items  paid  before  due.  Add  to  that  side,  which  produces 
the  greater  amount  of  interest,  the  excess  of  its  interest  over  that 
of  the  other  side,  and  then  find  the  difference  of  the  two  sides;  or, 

Multiply  each  item  by  the  units  of  time  from  the  time  of  being 
due  to  settlement,  putting  the  products  of  those  paid  before  due 

Questions. — 241.  What  is  the  object  of  equating  an  account  current  ?  When 
is  the  balance  of  items  the  true  balance  ?  Why  ?  What  should  be  done  if  the 
parties  settle  before  the  equitable  time?  If  after  the  equitable  time  ? — 242.  How 
do  we  find  the  true  balance  of  an  account  current  at  settlement  ? 


262 


EQUATION   OF   PAYMENTS. 


with  the  products  of  the  other  side.  Find  the  difference  of  the 
sums  of  these  prodAicts,  and  multiply  it  hy  the  interest  of  one 
dollar  for  one  of  the  ujiits  of  time.  Add  this  product  to  that 
side  which  produces  the  greater  sum  of  products,  and  then  find 
the  difference  of  the  sides. 

Note. — That  method  should  be  pursued  which  requires  the  least  labor, 
since  both  methods  bring  the  same  result. 

Examples  for  Practice. 

1.  What  is  the  true  balance  of  the  following  account  at  settle- 
ment, July  1,  1859,  each  item  of  merchandise  having  a  credit 


of  4  months? 

Dr. 

H.  Caldwell  in  ac&t  with  R.  Munroe. 

Or. 

1859. 

$ 

cts. 

1859. 

$ 

cts. 

Jan.  1. 

March  1. 

AprU  1. 

To  Md'se. 

570 

980 
800 

Feb.  1. 
AprU  1. 
May  20. 

By  Cash. 
By  Md'se. 
By  Cash. 

300 
700 
400 

Ans.  By  rule  first,  due  0||  days  after  Aug.  1 ;  that  is,  Aug.  2. 
Discount  of  balance  $950  for  31|f  days,  to  July  1,  S4.952-|-. 
True  balance  $945,047+. 


Process  by  Interest  {6fo 


Due.  Debits. 

May  1.  $570  (Int.  61da.) 
July  1.  $980  (  "      0  "  ) 

Tdisc't  olda.     ^ 
Aug.  1.  $800  -|  $4.0766  carry  V 

(to  credits.        ) 

$2350 

1404.9528 

$945,047  =  Bal. 


$ 

5.7155 
0 

3.5671 


$9.2826 


Due.  Credits. 

Feb.  1.    $300  (Int.  150da.) 
May  20.  $400  (Int.  42da.) 

Tdisc't  31da. 
Aug.  1.    $700  ^  $3.5671  carry 
(to  debits. 


$1400 

4.9528 


$1404.9528 


$ 

7.3972 

2.7616 

4.0766 


$14.2354 
9.2826 

$4.9528 


Explanation. — Caldwell  owes  $5.7155  interest  -|-  $3.5671  discount 
to  Munroe  on  $700  paid  3  Ida.  before  due.  Therefore  Munroe's  dis- 
count is  added  among  the  interest  owed  by  Caldwell,  making  $9.2826. 
Also  Munroe  owes  ($7.3972  +  $2.7616)  'interest  +  $4.0766  discount 
to  Caldwell  on  $800  paid  31da.  before  due,  making  S14.2354.  Excess 
owed  bv  Munroe,  $4.9528,  which,  added  to  his  items,  makes  his  whole 
debt  $1404.9528.  This,  taken  from  $2350,  Caldwell's  debt,  leaves 
Caldwell  debtor  $945,047,  giving  the  true  balance  at  settlement, 
July  1,  1859,  The  above  interest  is  computed  in  days  as  365ths  for 
the  sake  of  accuracy.  When  the  interest  is  computed  at  6%,  it  is 
generally  best  to  take  one-sisth  of  the  number  of  days  as  mills.  It 
is  plain  that  parties  may  allow  other  rates  of  interest  than  6%. 
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Process  by  Products. 
570X61        =  34770'300X150   =  45000 

980X    0        =  0:400x    42   =  16800 

800x31(carryover)  21700  700X    31  (carryover)  24800 


2350 
1404.952-1- 

945.047  Truebal. 


56470 


1400 

4.952 


86600 
56470 


1404.952  30130 

Int.  of  U  for  Ida.  =  .00016438 


Int.  bal.  $4.9524- 

ExPLANATiON. — The  products  represent  the  use  of  $1  for  as  many 
days  as  there  are  units  in  the  products.  The  credits,  therefore,  use 
$1  for  30130  days  more  than  the  debits  do.  Now,  ^j^j  of  Gets,  (the 
interest  of  §1  for  lyr.)  is  $0.00016438-h,  which  is  the  interest  of  $1 
for  1  day;  and  for  30130  days,  it  would  be  30130  times  as  much- 
that  is,  §4.952-f .  ■ 

Note. — In  computiDg  the  true  balance  of  the  following  examples, 
reckon  one-sixth  the  number  of  days  as  mUls,  since  that  gives  less  trouble 
than  other  methods. 

2.  What  is  the  true  balance  of  the  following?  account  at  settle- 
ment, July  1,  1859?  Ans.  $1410.71-}-. 


Dr. 


J.  S.  Smith  in  acc't  cur.  with  Wm.  English. 


Cr. 


1859. 

$ 

cts. 

1869. 

» 

cts. 

Jan.  14. 

Feb.  5. 
March  2; 
April  12. 

To  Md'se 

.  (@  2mo.) 
(@  4mo.) 
(@  3mo.) 
(@  3mo.) 

600 

800 

900 

1200 

May  6. 

June  4. 
"  2(^ 

By  Cash. 
By  Md'se 

By  Cash. 

(@  2mo.) 
(@2mo.) 

800 
600 
300 
400 

3.  "What  is  the  true  balance  of  the  following  account  at  settle- 
ment, July  1,  1859?  Ans.  $2033.23-]-. 


F.  Ames  in  accH  cur.  with  Hall  <&  Lee. 


a 


1859. 

Jan.  8. 

1\  b.  9. 
M:a-.  12. 
April  4. 


To  Md'se.  ((oi  4nio.) 
"  "  (@.  6mo.) 
"  "  i@  Smo.) 
"        "      (@  4mo.) 


$ 

cts. 

1859. 

800 

1  Jan.  12. 

900 

1     »     14. 

1200 

1  Feb.  16. 

1000 

Mar.  16. 

1 

By  Cash. 

By  Md'se.  i 
By  Cash. 


Smo.) 


300 
400 
500 
600 
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CHAPTER  XVIII. 

CURRENCIES,     EXCHANGE. 

CURRENCIES. 

Art,  ^4:3,  The  currency  of  a  country  is  its  money 
Trade  often  makes  it  necessary  to  reduce  the  money  of  one 
country  to  its  value  in  that  of  another.  Coin  may  have  dif- 
ferent values, — viz. : 

An  intrinsic  value,  or  that  of  the  metal  in  the  coin; 
A  commercial  value,  or  the  worth  of  the  coin  as  a  medium  of 
trade;  and 

A  legal  value,  or  that  established  by  law. 

Table  op  U.S.  Custom-House  Value  of  some  Foreign  Coixs. 

Pound  Ster.  or  Sovereign,  (Eng.) $4.84 

Pound  Star.  Brit.  ProT.  Canada 1  <&i  no 

Nova  Scotia,  N.  Bruns.,  Xewfdld j  ^'^^ 

Dollar.  Mexico,  Peru,  Chili I  «i  on 

Central  America j"  ^^"^ 

Specie  dollar,  Denmark $1.05 

Specie  dollar,  Sweden  and  Norway $1.06 

Milree,  Portugal $1.12>< 

Pagoda.  India $1.84  "iDucat,  Naples .T$0.80 

Tael,  China $1.48      Real  of  Plate,  Spain $0.10 

Rupee,  Bengal $0.50     JLira,  Tuscany $0.16 

Rupee,  British  India $0.41^^. Ounce,  Sicily $2.40 

Rix  dollar,  Bremen iif0.783||  Doubloon,  Mexico $15.60 

Art.  244.  Before  the  adoption  of  Federal  Money  by  the 
United  States  in  1786,  the  currency  of  the  colonies  was  in 
pounds,  shillings,  and"  pence,  English  3Ioncy.  But,  as  the  colo- 
nies issued  bills  of  credit,  called  i^ajvn-  money ^  beyond  their 
power  to  redeem  them,  the  currency  depreciated  in  value, — more 
in  some  colonies  than  in  others.  Some  people,  in  small  transac- 
tions, still  reckon  in  these  currencies  at  their  depreciated  values, 
which  are  stated  in  the  following; 


Rix  dollar,  or  thaler  of  Prussia,...') 

and  Northern  States  of. V     SO.69 

Germany j 

Ruble,  silver,  Russia $0.75 

Guilder,  florin,  Netherlands $0.40 

Florin,  South  Germany $0.40 

Milree,  Madeira $1.00 

Franc,  France $0,186 


Questions. — 243.  "What  is  currency  ?     Intrinsic  value?     Commercial  value? 
Legal  value? — 244.  What  was  the  colonial  currency? 
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Table  of  Old  Currenctes  of  the  Umted  States. 


English  Money. 


Georgia  and 
Carolina.. 


£1  =  $4f  i  =  ^.84 
$0.24^ 

SI  =  £t¥t  =  4t¥t8- 

£1  =  $4f  =  $4.2Sf 

$0.2lf 

FiT-4g.8d. 


Canada,  Nov.  Sc. 
N.  Brims.,  and 
N'foundland 


{S 

Isi 
r  -^1 

($1 

{£1  ^=  $4.00 

Is.  =  $0.20 

$1    =   £i    =    5s. 


New  England.,  f  £1  =  $.3i  =  $3,331 

SSy:::::::ii-=   ,  so.i6i 

Tennessee I  $1  =   ^i^  =  Qs. 

New  Jersey f  £1  =  $2|  =  $2.66| 

Pennsylvania...)  ^ 

Delaware 1  I''-        =        ^^^^^^ 

Maryland I  $1  =  £|   =  7s.  6d. 

New  York r  £1  =  $2^  =  $2.50 

N.  Carolina 1  ^^^  _         _  ^o.l2i 

Michigan |  -., 

Ohio.! Ul=^f  =    8s- 


Exercises. 

1.  How  much  is  6d.  Englisli  ?  Ans.  80.12,1. 

2.  How  much  is  6d.  New  England  currency  ?     9d.  ? 

3.  How  much  is  4^d.  New  England  cur.  ?  Ans.  6Jets. 

4.  How  much  is  3Jd.  Georgia  currency?  Ans.  6icts. 

5.  How  much  is  6d.  Canada  currency  ?  Ans.  lOcts. 

6.  How  much  is  6d.  New  York  cur.  ?  Ans.  6icts. 

7.  How  much  is  4s.  New  Eng.  cur.  ?     New  York  cur.  ? 

8.  How  much  is  two  and  sixpence  N.Y.  ?  Ans.  Slicte. 

9.  How  much  is  foui'  and  sixpence  N.E.  ?         Ans.  75cts. 
10.  How  much  is  two  and  threepence  N.E.  ?      Ans.  37 Jets. 

REDUCTION  OF  CURRENCIES. 

Art.  24:5,     Reduction  of  Currencies  is  finding  the  value 
of  one  currency  in  the  denominations  of  another. 

Art.  ^4:6.     To  reduce  a  given  sum  in  one  currency  to 
terms  of  another. 

Ex.  1.  What  is  the  value,  in  U.S.  money,  of  £37  7s.  6d.  ster- 
ling? Ans.  8180.89,5. 


Written  Process. 
£3  7  7s.  6d.  =  £37.375 
£37.375-f-yi\  =  $180.89,5 
Or,  £37  =  37X84.84   =$179.08 


7s.  = 
6d.= 


7X80.244  = 

J  of  $0,244  = 


1.69,4 
0.12,1 


Total,  8180.89,5 


Mental  Process. 

If  £-2/^  =  $1,  then 
£37.375  equal  as  many 
dollars  as  jVj  is  con- 
tained times  in  37.375, 
that  is,  .S180.89,5. 

Or,  since  £1=8  W. 
£37.375=37.375  times 
$VV,  that  is, $180.89,5. 


Question. — 245.  What  is  reduction  of  currencies  ? 
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Rule. — Multiply  the  given  sum  hy  the  value  of  a  unit  of  itself 
in  the  currency  to  lohich  it  is  to  he  reduced ;  or. 

Divide  the  given  sum  hy  that  numher  of  its  oion  denomination 
which  makes  one  of  the  denomination  to  lohich  it  is  to  he  reduced. 

Note  1. — Either  compound  numbers  must  first  be  reduced  to  one  de- 
nomination, or  the  reduction  must  be  by  parts. 

Note  2. — In  1789  Congress  fixed  the  pound  sterling  at  $4.44|.  It  is 
still  customary  to  reckon  on  that  value  as  a  base,  and  to  add  a  per  cent, 
to  bring  the  pound  to  its  commercial  value.  Thus,  when  £1  =$4.86, 
custom  adds  to  $4.44|  a  sufiScient  per  cent,  of  itself,  viz.,  9jYjy  per 
cent.,  to  bring  it  to  $4.86.  In  such  cases  $4.44|  is  called  the  joar  value 
of  £1,  and  the  per  cent,  added  is  the  premium. 

Examples  for  Practice. 

2.  What  is  the  custom-house  value  of  £345  15s.  2d.  ? 

Ans.  $1673.47+. 

3.  When  the  commercial  value  of  £1  is  $4.86,  what  is  the 
value  of  £120  8s.  6cl.  ?  -     Ans.  $585.26,55. 

4.  What  is  the  custom-house  value  of  $500  in  English  money? 

Ans.  £103  6s.  Id.  lj-|-qr. 

5.  What  is  the  commercial  value  of  $862.50  in  English 
money,  £1  being  worth  $4.85  ?        Ans.  £177  16s.  8d.  l+qr. 

6.  What  is  the  custom-house  value  of  10000  francs  ? 

Ans.  $1860. 

7.  What  is  the  commercial  value  of  750  francs,  that  of  1 
franc  being  18f  cents?  Ans.  $140.62 J. 

8.  What  is  the  value  of  1575  silver  rubles  ?     Ans.  $1181.25. 

9.  What  is  the  value  of  $9540  in  silver  rubles  ? 

Ans.  12720  rubles. 

10.  What  is  the  custom-house  value  of  1820  Prussian  thalers  ? 

Ans.  $1255.80. 

11.  Convert  4000  ducats  to  U.S.  money.  Ans.  $3200. 

12.  Convert  $2500  to  florins.  Ans.  6250  florins. 

13.  Convert  1936  Bengal  rupees  to  £.  Ans.  £200. 

14.  Convert  £700  to  Bengal  rupees.  Ans.  6776. 

15.  Convert  1000  India  pagodas  to  florins.  Ans.  4600. 

16.  Convert  4784  florins  to  India  pagodas.  Ans.  1040. 

17.  Convert  £3700  to  taels.  Ans.  12100. 

18.  Convert  2420  taels  to  £.  Ans.  £740. 

Question. — 246.  How  do  we  reduce  one  currency  to  another? 
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EXCHANGE. 

Art.  24L7',  Exchange  is  the  method  of  effecting  a  transfer 
of  money  to  a  person  in  a  distant  place  by  means  of  draffs. 

A  ch^a/t  is  a  written  order,  directed  by  one  person  to  another, 
to  pay  money  to  a  third  person.  It  is  also  called  a  check,  and, 
when  it  is  directed  to  a  person  in  a  distant  place,  it  is  called  a 
bill  of  exchange. 

The  draioer  is  the  person  who  makes  the  order. 

The  draioee  is  the  person  to  whom  the  order  is  directed. 

An  inland  draft  or  bill  of  exchange  is  one  of  which  the 
drawer  and  drawee  reside  in  the  same  country. 

This  is  sometimes  called  home  or  domestic  exchange. 

A  foreign  bill  of  exchange  is  one  of  which  the  drawer  and 
drawee  reside  in  different  countries. 

Exchange  is  at  par  when  the  price  of  a  draft  is  the  sum 
ordered  in  it,  or  the  face  of  it.  It  is  at  a  premium  or  above  par 
when  the  price  of  it  is  more,  and  at  a  discount  or  below  par 
when  the  price  of  it  is  less,  than  the  face  of  it. 

The  rate  of  exchange  is  a  per  cent,  of  the  face  of  the  draft, 
reckoned  as  premium  or  discount. 

Note. — Of  two  cities  or  countries  compared,  the  one  that  imports 
from  the  other  more  than  it  exports  to  it  will  pay  a  premium  for  its  ex- 
change upon  the  other,  while  the  one  that  exports  to  the  other  more 
than  it  imports  from  it  will  get  exchange  upon  the  other  at  a  discount. 

INLAND  EXCHANGE. 

Art.  S4:8.  To  find  the  value  of  an  inland  draft,  or  bill  of 
exchange. 

Rule. — Multiply  the  face  of  the  draft  by  the  rate  of  exchangCj 
and  add  the  product  to  the  face  in  the  case  of  premium,^  or  sub- 
tract the  product  from  the  face  in  the  case  of  discount. 

Examples  for  Practice. 

1.  At  \  per  cent,  premium,  what  was  paid  for  the  following 
draft?  Ans.  $725.70,6. 

Questions. — 247.  What  is  exchange?  A  draft?  The  drawer?  The 
drawee?  An  inland  draft  ?  A  foreign  bill  of  exchange  ?  When  is  exchange 
at  par  ?  At  a  premium  ?  At  a  discount  ?  What  is  the  rate  of  exchange  ? — 
248.  How  do  we  find  the  value  of  an  inland  draft  ? 
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$724:j%%.  Pittsburgh,  May  19,  1859. 

Please  to  pai/,  at  sigJit,  to  the  order  of  Horace  Sirtij^son,  seven 
Jiundred  and  twenty-four  dollars  eighty  cents,  and  charge  the 
same  to  the  account  of 

S.  Newman  &  Sons. 
To  Messrs.  Gray,  M'Neal  &  Co., ") 
Bankers,  New  York.  j 

2.  What  would  be  paid  for  the  foregoing,  at  i%  discount? 

Ans.  $723.89,4. 

3.  If  the  foregoing  draft  had  been  "  thirty  days  after  sight/^ 
the  premium  1%,  and  Gray  &  Co.  had,  on  sight,  discounted  it 
at  12%  per  annum  for  33  days,  how  much  less  wopld  the  re- 
ceiver get  than  the  sender  paid  ?  Ans.  $15.22-]-. 

4.  What  costs  a  sight  draft  of  $8350.25,  at  f  %  premium  ? 

Ans.  $8381.56-4-. 

5.  What  costs  a  30  day  bill  of  $5625.75,  at  f  %  discount,  in- 
terest off  at  6%  ?  Ans.  $5552.61+. 

Note. — Compute  interest  and  discount  on  the  face  of  the  note. 

6.  What  costs  a  60  day  check  of  $732.87,  at  li%  premium, 
interest  off  at  6 <?^?  Ans.  $734.33-[-. 

FOREIGN  EXCHANGE. 

Art.  ^4:9.  To  secure  against  loss  or  delay  in  sending  a 
foreign  bill  of  exchange,  two  or  more  similar  ones  are  drawn, 
and  sent  by  different  conveyances.  These  are  called  First  of 
Excliange,  Second  of  Exchange,  &c.,  and  each  states  that  it  is 
payable  only  in  case  the  others  are  unpaid.  When  one  of  this 
set  has  been  paid,  or  accepted,  by  the  drawee,  the  others  are 
worthless.  The  sum  mentioned  in  a  bill  of  exchange  is  in  the 
currency  of  the  country  to  which  it  is  directed. 

The  par  of  exchange  is  the  intrinsic  value  of  the  money  of  one 
country  in  the  denominations  of  that  of  another. 

The  course  of  exchange  at  any  time  is  the  number  of  units  of 
one  money  paid  at  that  time,  in  its  country,  for  a  certain  number 
of  units  of  another,  paid  in  its  country.  ■ 

Thus,  $1  paid  in  the  United  States  may,  at  one  time,  purchase 
the  payment  in  Paris  of  5  francs  20  centimes,  at  another  5  francs 
12  centimes,  &c. 

Questions. — 249.  How  are  foreign  bills  of  ©xchaoge  made  and  sent  ?  What 
is  the  par  of  eschange  ?     The  course  of  exchange  ? 
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TABLE  OP  SOME  FOREIGN  CUERENCIES. 

Fraxce.— 1  franc  =-  10  decimes  =  100  centimes  =  20  sou3  = $0.18.6. 

Havana  and  Spaix. — 1  dollar  =  8  reals  plate  =  20  reals  vellon  = $1. 

Lisbon  and  Brazil.— 1  milree  =  1000  rees  = $1.12. 

Belgium. — 1  florin  =  40  grotes  =  100  centimes  =  20  stivers  = $0.40. 

Genoa.— 1  lira  =  100  centesimi  =  $0.18,6. 

Leghoen.— 1  lii-e  =:  20  soldi  =  240  denax-i  = S0.87. 

Naples.— 1  ducato  =  10  carlini  =  100  grani  = $0.80. 

Russia. — 1  silver  ruble  =  100  copecs  =  $0.75. 

Constantinople. — 1  piastre  =  40  paras  =  120  aspers  = $0.05. 

Trieste. — 1  florin  =  60  ereutzers  =  240  pfennings  = $0,483^  nearly. 

Venice.- 1  lira  =  100  centesimi  =  1000  millesimi  = $0.16 

Berlin.— 1  thaler  =  30  groschen  =  360  pfennings  = $0.69. 

British  India.— 1  rupee  =  16  annas  =  192  pice  = $0,443^. 

Canton.— 1  tael  =  10  mace  =  100  candarine^  =  1000  cash  = $1.48. 

Art.  SdO.     To  compute  foreign  exchange. 

Rule. —  To  the  value  of  a  unit  of  the  foreign  money  add  its 
premium,  or  from  it  subtract  its  discount,  and  then  proceed  as 
in  reduction  of  currencies. 

Examples  for  Practice. 

1.  "What  is  the  value  of  the  following  bill  of  exchange  at  9§ 
per  cent,  premium?  Ans.   S4866.66|. 

Exchange  £1000.  New  York,  June  16,  1859. 

At  sight  of  this  first  of  exchange  (second  and  third  of  the 
same  date  and  tenor  unpaid')  pay  to  the  order  of  Wm.  Hill  one 
thousand  pounds,  and  place  the  same  to  our  account. 

To  Messrs^  Baring  &  Buss,  1  ^^^^^^^^  &  Sherman. 

Bankers,  London.  j 

2.  "What  is  the  value  of  a  bill  of  exchange  on  Paris  for  1700 
francs  at  oi-  francs  for  a  dollar,  exchange  on  Paris  being  1% 
discount?  Ans.  $315.56^. 

3.  Of  a  bill  from  Paris  on  New  York  for  8500  at  5i  francs 
for  a  dollar,  exchange  on  New  York  being  3  <fo  premium  ? 

Ans.  2746  francs  66t  centimes. 

4.  Of  a  bill  on  Amsterdam  for  2000  florins,  5  florins  being 
equal  to  $2,  exchange  being  2^%  premium? 

Ans.  $820. 

5.  Of  a  bill  from  Amsterdam  on  New  York  for  8168.10,5, 
exchange  being  5^  premium?  Ans.  441fl.  5st.+  . 

6.  Of  a  bill  from  Lisbon  on  New  Orleans  for  $720,  exchange 
being  5%  discount?  x\ns.  610| milrees. 


QuESTieN. — 250.  How  do  we  compute  foreign  exchange  ? 
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ARBITRATION  OF  EXCHANGE. 

Art.  251*  Arbitration  of  Exchange  is  the  method 
of  effecting  exchange  with  a  country  through  the  currencies  of 
ether  countries,  that  is,  by  a  cliaiuj  or  succession,  of  exchanges. 

Art.  252»  To  arbitrate  exchange. 

Ex.  1.  A  merchant  in  New  York  wishes  to  pay  a  debt  in 
Canton,  China,  of  1000  taels,  through  London  and  Calcutta, 
exchange  on  London  being  10%  premium,  from  London  to 
Calcutta  £1  for  11  rupees,  and  from  Calcutta  to  Canton  7  rupees 
for  2  taels.     How  many  dollars  will  this  cost  him  in  New  York  ? 

Ans.  Sl555.55f. 
Process  Indicated. 
lOOOXiXjVX  UAA^  X  1.10  -=  $1555.55f. 
Mental  Process, — 1000  taels  in  China  will  cost  him  |  as  many 
rupees  :  |  of  1000  rupees  =  j\  as  many  pounds  :  -^V  of  1  of  l^^O 
pounds  =  -rV  of  I  of  1000  X  S4.44f  X  LIO  ==  $1555.55|. 

Rule. — Multiply  the  given  sum  hy  the  ratios  of  the  currencies 
intervening  hetiveen  it  and  the  money  sought. 

Examples  eor  Practice. 

2.  If  I  wish  to  pay  in  Lisbon  1680.5  milrees,  and  the  direct 
ratio  is  $112  for  100  milrees;  but  to  Liverpool  it  is  $4.84  to  £1, 
from  Liverpool  to  Paris  £1  to  25  francs,  from  Paris  to  Lisbon 

6  francs  to  1  milree,  what  should  I  lose  by  remitting  successively 
through  Liverpool  and  Paris  (excluding  brokerage)  instead  of 
directly?  Ans.  $69.90,8. 

3.  If  A  in  London  draws  1500  dollars  Spanish  on  E  in 
Madrid  by  ordering  him  to  remit  to  D  in  Amsterdam,  and 
ordering  B  in  Paris  to  draw  on  D  in  Amsterdam,  and  remit  to  A 
in  London;  how  much  does  he  gain  by  this  circuit,  1  Spanish 
dollar  being  worth  2  florins  15  stivers,  11  florins  worth  26  francs, 
and  25  francs  worth  £1 ;  but  directly  40  Spanish  dollars  beini^ 
worth  £9?  Ans.  £52  10s.  ^ 

4.  A  of  New  York  collects  39200  thalers  of  C  of  Berlin, 
through  B  of  London.     What  draft  does  B  send  to  A,  allowing 

7  thalers  5  groschen  for  £1,  and  $4.86  for  £1,  B  charging  i% 
for  brokerage  ?  Ans.  $26516.61-}-. 

Questions. — 251.  What  is  arbitration  of  exchange  ? — 252.  How  do  we  arbi- 
trate exchange  ? 
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CHAPTER  XIX. 

ALLIGATION. 

Art.  25S,  Alligation  is  that  part  of  Arithmetic  which 
treats  of  compounding  different  ingredients  with  reference  to 
their  values  and  that  of  the  compound. 

Case  I. 

Art.  254:,  To  find  the  value  of  a  unit  of  the  mixture, 
when  the  ingredients  and  their  prices  are  known. 

Rule. — F'lnd  the  value  of  each  ingredient,  and  divide  the 
sum  of  their  values  hy  the  sum  of  the  ingredients. 

Note. — This  is  merely  a  case  of  average,  and  is  generally  called  Alliga- 
tion Medial. 

Examples  for  Practice. 

1.  If  I  mix  101b.  tea  at  50cts.  per  lb.  with  301b.  at  75cts.  per 
lb. J  and  501b.  at  $1  per  lb.,  what  is  lib.  of  the  mixture  worth? 

Ans.  S0.86|. 

2.  If  I  mix  18gal.  alcohol  75%  strong  with  30gal.  95% 
strong.  12gal.  85%  strong,  and  6gal.  98%  strong,  what  per  cent, 
of  alcohol  in  the  mixture?  Ans.  88%. 

Case  II. 

Art.  255'  To  find  the  quantities  of  ingredients,  ol 
known  value,  required  to  make  a  mixture  of  a  given  value. 

Ex.  1.  I  have  alcohol  which  cost  80cts.  per  gallon;  how  much 
water  must  be  added  to  make  it  cost  60cts.  per  gallon  ? 

Ans.  J  as  much  water  as  alcohol. 


Questions. — 253.  What  is  AUigation? — 254.  How  do  we  find  the  value  of 
unit  of  the  mixture  when  the  ingredients  are  known  ? 
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ALLIGATION. 


Written  Process. 


Explanation. 


f  8  0\  60  of  alcohol.  The    alcohol    at    60cts.  loses 

JOO/  2  0  of  water.  20cts.   per    gal;    the   water   at 

Proof.  60oal.  X  -8  0  =  848.0  0  60cts.  gains  60cts.     It  therefore 


60 


20 


80 


X 

X      0  = 


0 


takes   3gal.    alcohol    to   lose   as 

much  as  Igal.  water  gains.     The 

written  process  obtains  one  set 

)  48.00  of  quantities  in  this   ratio,   by 

assuming    20    for   water,    since 

.6  0  water  must  gain  20  for  the  alco- 
hol;   and   by  assuming   60   for 
alcohol,  since  it  must  lose  60  for  the  water. 

Ex.  2.  Four  simples  being  4cts.,  6cts.,  8cts.,  and  lOcts.  per 
unit,  how  much  of  each  will  make  a  unit  of  the  mixture 
worth  7cts.  ? 

Ratio  Answers. 

1st.  An  equal  quantity  of  each. 

2d.    The  4  and  lOct.  each  |,  the  6  and  Set.  each  ^  of  the  whole. 
3d.    The  4  and  lOct.  each  |,  the  6  and  Set.  each  f  of  the  whole. 
4th.  The  4  and  lOct.  each  y\,  the  6  and  Set.  each  /_  of  the  whole. 
5th.  The  4  and  lOct.  eafih  -^\,  the  6  and  Set.  each  -^q  of  the  whole. 
6th.  The  6  and  lOct.  each  j^,  the  4ct.  -^\,  the  Bet.  ^  of  the  whole. 
7th.  The  4  and  Set.  each  y^,  the  6ct.  yV,  the  lOct.  ^  of  the  whole. 

Illustrative  Processes. 


14 


10 


12 


12 
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Explanation. — In  the  first  process,  if  we  connect  the  4  with  the 
8  and  consider  these  exclusively,  4  gains  Sets.,  and  8  loses  let. 
Therefore  3  of  8  and  1  of  4  will  give  a  mixture  at  7cts.  Proof,  3  X 
8  +  4  X  1  =-  28 ;  28  ^  (3  +  1)  =  7.  Again,  connect  4  with  10, 
and  consider  them  exclusively ;  4  gains  Sets.,  and  10  loses  3cts. 
Therefore  3  of  each  will  give  a  mixture  at  7cts.  Proof,  3  X  10  +  3 
X  4  =  42 ;  42  ^  (3  +  3)  =  7.  Now,  connecting  6  with  10  and  8, 
we  get  in  the  same  way  1  of  10  and  3  of  6,  and  1  of  8  and  1  of  6. 
Of  each  simple,  therefore,  we  get  3  +  1  =  4:  that  is,  any  equal 
quantity  of  each  will  answer. 

The  other  six  processes  illustrate  other  methods  of  connecting  the 
simples. 

Rule. —  Write  tlie  prices  of  the  ingredients  in  a  column  on 
the  right  of  a  vertical  line,  and  the  price  of  the  mixture  on  the 
left  of  it. 

Draw  a  line  connecting  each  price  less  with  one  or  more  of 
those  greater  than  that  of  the  mixture. 

Write  the  difference  between  the  price  of  the  mixture  and  that 
of  each  ingredient  opposite  every  price  with  V)hich  it  is  connected. 

The  sum  of  such  differences  opposite  any  price  may  he  taken 
as  the  quantity  of  that  ingredient ;  or  the  ratio  of  the  sum  of 
such  differences  ojyposite  any  price  to  the  sum  of  the  differences 
opposite  all  the  prices  is  the  ratio  of  that  ingredient  to  the  whole 
mjixture. 

Proof. — Multiply  the  obtained  quantities  by  the  prices,  and 
divide  the  sum  of  the  products  by  the  sum  of  the  quantities. 
The  quotient  should  be  the  price  of  the  mixture. 

Note  1 .  — Such  questions  have  an  unlimited  number  of  particular  answers. 

Note  2. — This  aigl  the  following  cases  are  often  called  Alligation 
Alternate. 

^  Examples  for  Practice. 

3.  What  relati%^e  quantities  of  sugar  costing  8,  9,  and  lOcts. 
per  lb.  will  make  a  mixture  costing  9tcts.  per  lb.? 

Ans.  1  of  Set;  1  of  9ct.;  2  of  lOct. 

4.  In  what  proportion  must  water  be  mingled  with  spirits  to 
reduce  the  cost  from  85cts.  to  55cts.  per  gallon? 

Ans.   6  of  water;  11  of  spirits. 

5.  In  what  proportion  should  copper  costing  24cts.  per  lb.  be 
melted  with  zinc  costing  6cts.  per  lb.,  to  make  brass  at  16cts.  per 
lb.,  exclusive  of  the  cost  of  manufacture? 

Ans.  4  zinc;  5  copper. 

QiTESTiON. — 255.  Ho-w   do  we  find  the  quantities  of  ingredients  when  thci 
rice  and  that  of  the  mixture  are  known? 
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Case  III. 

Art.  25G.  To  find  tlie  quantities  of  ingredients,  of  known 
values,  required  to  make  a  certain  quantity  of  mixture  of  given 
value. 

Ex.  1.  How  can  simples  at  4,  6,  8,  and  lOcts.  be  mixed  so  as 
to  make  48  units  at  7cts.  per  unit? 

Explanation. — This  is  Ex.  2  of  Case  II.,  with  the  quantity  of  the 
mixture  known.  For  one  solution,  take  the  2d  set  of  ratios.  The 
4ct.  simple  is  f  of  the  whole.  Now,  if  48  is  the  whole,  f  of  48, 
that  is,  18,  is  the  quantity  for  the  4  and  lOct.  simples;  and  |  of  48, 
that  is,  6,  is  the  quantity  for  the  6  and  8ct.  simples.  The  other  ratios 
give  other  quantities. 

Rule. — Find  the  ratios  hy  Case  II. j  and  take  those  fractions 
of  the  given  whole  inixture. 

Examples  for  Practice. 

2.  How  can  pure  gold  (24  carats  fine)  be  melted  with  alloys 
at  18  carats,  16  carats,  and  14  carats,  to  make  31b.  of  15  carats 
fine? 

Ans.  Of  24c.,  18c.,  and  16c.,  each  2ioz.;  of  14c.  21b.  5ioz. 

3.  It  is  related  of  Archimedes  that  he  detected  for  Hiero, 
King  of  Syracuse,  the  dishonesty  of  his  jeweler  in  making  a 
crown.  If  the  king  gave  the  jeweler  Jib.  of  silver  10 J  times 
heavier  than  water,  and  51b.  of  gold  19  J  times  heavier  than 
water,  and  the  crown,  when  returned,  was  14 1  times  heavier 
than  water,  though  weighing  as  much  as  the  ingredients 
furnished,  how  much  of  the  king's  gold  h|j[i  the  jeweler  re- 
placed by  silver?  Ans.  21b.  4oz.'  17pwt.  IT^gr. 

Case  IV 

Art.  957.  Knowing  the  quantity  of  one  ingredient,  the 
prices  of  all,  and  the  price  of  the  mixture,  to  find  the  quantities 
of  the  other  ingredients  and  of  the  mixture. 

Remakk. — This  is  a  case  of  particular  supposition,  one  of  which  is 
discussed  under  Case  II 

Rule. — Find  the  ratios  hy  Case  IL,  and  from  the  given  value 
of  one  ratio  determine  the  values  of  the  other  ratios  and  of  the 
v)hole. 


QUE8TI0NS.--256.  What  is  Case  III?   What  \&  the  rule  ?— 257.  What  is  Case 
IV.  ?     What  is  the  rule  ? 
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Examples  for  Pra^ctice. 

1.  If  you  buy  80bbl.  flour  at  $7.20  per  bbl.,  and  flour  falls  to 
$5  per  bbl.,  bow  many  more  should  you  then  buy,  so  as  to  sell 
without  loss  when  it  rises  to  $6  per  bbl.  ?  Ans.  96bbl. 

2.  How  much  water  will  reduce  29gal.  of  alcohol  96^  strong 

to  87%  strong?  Ans.  ogal.  ^^ 

Case  V. 
Art.  So  8.  Knowing  the  price  of  each  ingredient  and  of 
the  mixture,  and  the  quantities  of  two  or  more  ingredients,  to 
find  the  quantities  of  the  other  ingredients  and  of  the  mixture. 
Ex.  1.  I  bought  of  a  certain  stock  at  one  time  4  shares  at 
$80,  at  another  8  shares  at  $89.  The  stock  falling  to  860,  how 
many  shares  must  I  buy  at  that  price  to  sell  the  whole  without 

'^  Ans.  12  shares.  ^ 


Explanation. 

By  Case  I.  each  of  my 
12  shares _  cost  $86.  I 
may  consider  these  12 
shares  as  one  ingredient 
at  the  price  $80.  Then, 
by  Case   II.,   12  shares  • 

are  ^f  of  the  whole.  •* 

Then  it  :  if  ::  12 
shares  :  12  shares.  • 

Rule. — Find^jke  quantity  and  average  price  of  the  known  ^P 

ingredients  hy  Case  I.^ahd  treat  the  result  as  the  quantity  and 
price  of  a  single  ingredient  hy  Case  IV. 

Examples  for  Practice. 

2.  How  much  alcohol  96%  strong  must  be  put  with  42gal. 
75%  strong  and  14gal.  68%  strong,  to  raise  the  mixture  to  82% 
strong?  Ans.  35gal. 

3.  Having  2pwt.  gold  22  carats  fine,  and  4pwt.  14  carats  fine, 
how  much  of  each  of  two  other  kinds,  18  and  15  carats  fine, 
must  be  taken  to  make  the  alloy  17  carats  fine  ? 

Ans.  14pwt.  of  18c. ;  6  pwt.  of  15c. 

QuESTioMS,— 258.  What  is  Case  V.  ?     What  is  the  rule? 


loss  when  the  stock  ris< 
Written  Process. 
4X80  =  320     ^o 
8X89  =  712     ^"^ 

12             )1032 

3S  to  $7€ 

f60\ 

18^6; 

2  :12 

$86  = 
60  = 

\1 

13 
13 

26 

86 
13 :13  ::1 
Proof. — 1 2  shares  @ 
12      "       " 

$1032 

720 

24        ^- 

)1752 

V   V..?#4V 
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CHAPTER  XX. 

INVOLUTION.     EVOLUTION. 

INVOLUTION. 

Art.  ^^9.  Involution  is  the  process  of  finding  a  power 
of  a  nmnbcr. 

A  poicer  of  a  number  is  a  product  whose  factors  are  that 
number.  Multiplying  these  factors  is  called  involving  the 
number.     The  number  itself  is  called  the  root  of  the  power. 

Art.  ^60.     Powers  are  named  from  the  number  of  times 
the  root  is  used  as  a  factor  in  producing  them;  thus, 
2,  used  once,  givcs  2,  the  1st  power. 

2j  used  twice,  gives  2X2=         4,  the  2d  power,  or  square. 
2,  used  three  times,  gives  2x2x2  =  8,  the  3d  power,  or  cuhe. 
&c.  ka. 

The  index  or  eocponent  of  a  power  is  that  number  which  indi- 
cates its  degree  or  name.  It  is  a  small  number  placed  at  the 
right  of  the  root;  thus,  V  indicates  the  square  of  7;  (|)^  indi- 
cates the  5th  power  of  |,  &c. 

Note. — The  seccnl  power  of  a  number  is  called  its  square,  because 
the  process  of  fiudi:i;:;  the  area  of  a  square  surface  is  like  that  of  finding 
the  second  power  of  a  number  expressing  the  side  of  a  square.  The 
third  power  of  a  nuuioer  is  called  its  cube,  bee^wis^i  the  process  of  find- 
ing the  volume  of  a  cube  we  U5ie  the  length  of  ic^Plge  three  times  as  a 
factor,  as  in  finding  the  third  power. 

A  pfrftct  power  is  a  number  which  *^n-  hA)roduced  by  the 
multiplication  of  the  proper  number , of  eqSl  factors.  Thus, 
25  is  a  perfect  square,  being  equal  to  5  )^,  5. 

An  imperfect  power  is  a  number  which  cannot  be  produced 
by  the  proper  nui^iber  of  equal  factors.  Thus,  25  is  an  im- 
perfect cuhe. 

Art.  SOI.  The  product  of  two  or  more  powers  of  a 
numher  is  a  power  of  that  number  indicated  hy  the  sum  of  the 
indices  of  the  powers  used  as  factors;  thus,  4^  X  "1^  =  (4  X  4) 
X(4x4x-i:)^4X-^X4x4x4==4-  =  4^+^ 

QuESTioxs. — 259.  What  is  Involution?  A  power?  Involving?  What  is 
the  involved  cumber  called? — 260.  How  are  powers  named?  What  is  an 
index?  What  is  a  perfect  pewer  ?  An  imperfect  power? — 261.  What  is  the 
product  of  two  or  inoro  powers  ?     Show  it. 
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Art.  SGS.     To  find  a  required  power  of  a  number. 

ilULE. —  Use  the  number  as  a  factor  as  many  times  asns  indi- 
cated hy  the  name  of  the  power.  \ 

Note. — The  labor  of  finding  high  po-vrers  may  sometimes  bgrlessened 
by  using  the  principle  in  Art.  261.  Thiis,  to  find  the  4;th  power,  multiply 
the  square  hy  itself;  to  find  the  fifth  power,  multiply  the  square  by  the 
cube,  &c. 

Examples  for  Practice. 


sqiic 


Find 


Find 


1. 

16^ 

Ans. 

2. 

9» 

Ans. 

8. 

5* 

xlns. 

4. 

46 

Ans. 

5. 

3« 

xVns. 

6. 

27 

Ans. 

7. 

1« 

xlns. 

8. 

25^ 

Ans. 

256. 
729. 
625. 
.02|t. 
729^ 
128. 
1. 
25. 


I  9. 
10. 
11. 
12. 
13. 
U. 
15. 
16.      1015 


1.2^ 

(.003)3 
88 


Ans.  if. 
Ans.  1.728. 


Ans. 

Ans. 


662^1 


Ans.  .000000027. 

Ans.  16777216. 

Ans.  38  or  6561. 

Ans»  10510100501. 


Art.  S03.  The  sqnar£  of  a  numhcr  has  twice  as  many 
figures  as  the  number,  or  one  less  than  twice  as  many. 

Illustration. — The  least  integer  of  one  figure  is  1,  and  its  square 
is  1 ;  the  greatest  is  9,  and  its  square  is  81.  The  least  integer  of  two 
figures  is  lO,  and  its  square  is  100,  a  number  of  three  figures;  the 
^-reatesi  is  99,  and  its  square  is  9801,  a  number  of  four  figures,  &c. 
Therefore  the  squares  of  all  numbers  between  1  and  9  must  be  either 
of  one  or  two  figures;  and  those  of  numbers  bet-weea  10  and  99  must 
be  either  of  three  or  four  figures,  &c. 

Art.  S04:i^^R^k^^e  of  a  number  cannot  have  more  than 
three  times  as  rr^iy^fir§iife%  as  the  number,  nor  feicer  than  throe 
times  as  many ^^^fj^^f^ 

iLLUSTRATioN^^^^i^MPceger  1,  its  cube  1;  .?;roatest  9,  its  cube 
729,  a  number  of  mWWS||^ires.  Therefore  the  cubes  of  numbers 
between  1  and  9  ,muft  be  of  one,  two,  or  three  figures.  Least  in- 
teger of  two  figures  10,  its  cube  1000 ;  greatest  99,  its  cube  970299. 
Therefore  the  cubes  of  numbers  between  10  and  99  must  be  of  four, 
five,  or  six  figures. 

Art.  2&&,  The  square  of  any  number  is  equal  to  the 
square  of  the  local  value  of  its  first  left-hand  figure;  plus  twice 
the  product  of  its  value  into  that  of  the  second;  plus  the  square 
of  that  of  the  second;  plus  twice  the  product  of  that  of  the  first 
and  second  into  the  local  value  of  the  third;  plus  the  square  of 


( 


\ 


i 

i 

i 
# 


Questions. — 262.  How  do  we  find  a  power  of  a  number? — 26.3.  How  many 
figures  has  tbo  square  of  a  number? — 264.  How  many  figures  nuiy  a  cube  ha,ve? 


1 
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EVOLUTION. 

e  third;  plus  twice  the  product  "of  those  of  the  first 
to  that  of  the  fourth;  plus  the  square  of  that  of  the 
and  so  on. 

Illustration. 

100  +  20  +  3 
100  +  20  +  3 


(100X3)+     (20X3)+3^ 
(100X20)  +  202                        +    (20X3) 
+    (100X20)  +    (100X3) 

15129-=-100'^  +  2(100X20)+202  +  2(100X3)+2(20X3)  +  3' 

A.rt.  ^06.  The  cube  of  any  numher  is  equal  to  the  cube 
of  the  local  value  of  its  first  left-handfk figure ;  plus  three  times 
the  square  of  that  of  the  first  into  tha^of  the  second;  plus  three 
times  that  of  the  first  into  the  square  Qf  that  of  the  second;  plus 
the  cube  of  that  of  the  second;  plus  three  times  the  square  of 
that  of  the  sum  of  the  first  tv:o  into  that  of  the  third;  plus 
three  times  that  of  the  sum  of  the^  first  two  into  the  square  of  that 
of  the  third;  plus  the  cube  of  that  of  the  third;  and  so  on. 

Illustration.  > 

529  =  232=  20^  +  2  (20X3)  +  3^ 


23 


+  3 


1587  = 
10580  = 


(202X  3)  +2  (20  X3*)  +  3^ 
20^  +  2  (20^X3)  +      (20  X  3^) 


12167  =  23^ 


203  _^  3  (20^ 


Let  the  pupil  illustrate  the  princip^ 
of  more  than  two  fio'ures. 
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Evolution  is  the 


3  (20X32)  +  3» 
be  of  a  number 


finding  a  root  of 


Art.  S67 

a  number. 

A  root  of  a  number  is  that  number  which,  used  as  a  factor  a 
certain  number  of  times,  will  produce  it. 

Art.  SO  8.  Roots  are  named  from  the  number  of  times 
they  must  be  used  as  factors  to  produce  a  number. 

Thus,  the  square  root  must  be  used  as  a  factor  twice,  the  cube 
root  three  times,  the  fourth  or  biquadrate  four  times,  &c. 

Questions. — 265.  What  does  tho  square  of  any  number  equal  ? — 266.  What 
does  the  cube  of  any  number  equal  ? — 267.  What  is  Evolution  ?  A  root? — 268. 
How  are  roots  named  ? 
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Rational  roots  are  roots  which  can  be  exactly  obtained. 

Surd  roots,  or  surds,  are  roots  which  cannot  be  exactly  ob- 
tained. 

The  symbol  1/  is  called  the  radical  sign,  and  signifies  the 
square  root  of  the  number  before  which  it  is  placed.  Thus, 
■^/25  is  read  tlie  square  root  of  2b. 

The  radical  sign,  with  a  small  figure  over  it,  signifies  other 
roots.  Thus  -^2,1  is  read  the  cube  root  of  21 ;  jVSl  signifies  the 
fourth  root  of  81,  &c. 

The  index  or  exponent  of  a  root  is  that  number  which  indi- 
cates its  degree  or  name.  It  is  often  written  as  a  denominator 
to  the  index  of  a  power.  Thus  9*  signifies  the  square  root  of  the 
first  power  of  9,  that  is,  |/9 ;  and  8*  signifies  the  cube  root  of 
the  square  of  8,  that  is,  i^64,  &c. 

EXTRACTION  OF  THE  SQUARE  ROOT. 

Art.  ^09.  To  extract  the  square  root  of  a  number  is  to 
resolve  that  number  into  two  equal  factors. 

The  multiplication  table  furnishes  the  following 
Roots.       12345. 6789       10 
Squares.  1       4      9     16     25     36    49     64     81     100 

Case  I. 

Art.  STO.  To  extract  the  square  root  of  an  integral,  deci- 
mal, or  mixed  number. 

Ex.  1.  What  is  the  square  root  of  529  ?  Ans.  23. 

Written  Process.  Explanation. 

^.^^^^  By  Art.  263,  the  root  of  529  must  contain 

529(23  two  figures,  because  the  units  of  the  root  could 

4  not,  when  squared,  make  the  three  figures  in 

529.     Hence,  also,  we  must  get  the  units  of 

4  o\-|  oQ  *^®  ^°*^*'  horn.  29,  and  its  tens  from  5.     Now, 

1  9  Q  *^^®  greatest  perfect  square  in  5  is  4,  whose  root 

^^^  is  2,  that  is,  2  tens.     Put  2  in  the  root,  and 

take   its   square  4   from    5,   leaving    1 ;    then 

bring  down  29,  making  129.  By  Art.  265,  this  129  must  contain 
tivice  the  product  of  20  into  the  units,  plus  the  square  of  the  units. 
Therefore,  to  find  the  units,  we  must  divide  120  by  2  X  20  =  40.  The 
quotient  is  3.  Now,  3  X  40  +  3^  =  129,  which  leaves  no  remainder. 
In  the  mritten  process,  we  do  both  multiplications  at  once,  by  annex- 

QuESTiONS. — 268.  What  are  rational  roots?  Sards?  What  is  an  index  or 
exponent  of  a  root?  How  is  it  often  written? — 269.  What  is  extracting  the 
square  root  ? 
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ing  3  to  40,  making  43,  before  multiplyin* 
may  be  represented  thus : — 


by  3.     The  operations 


2X20X3  =120 
3'=       9 


529 

400 

401129 

129 


20  =  2  tens. 
3  =  3  u-nits. 
23"Ans. 


Illustration  by  Areas. 
529  can  be  represented  by  the  area  of  a  square  surface,  whose  side 
is  required.     (See  Art,  75,  Note  1.)     The  first  part  of  the  root,  that 
is,  20,    is  an  approximation,  exhausting  400  units  of  area.     This 
leaves  129  units  of  area  to  be  added  to  two 
sides  of  the  square,  400,  to  make  it  equal 
529,  still  keeping  it  a  square.     This  implies 
two  side-pieces,  each  20  long,  and  a  square 
corner-piece  between  them  with  sides  equal 
to  their  breadth.     Therefore  the  length  of 
the  two  side-pieces  is  2  X  20  ^  40.    Divid- 
ing 120,  their  approximate  area,  by  40,  their 
length,  gives  3,  their  breadth.     Now,  the 
three  added  pieces  are 

20  X  3  =  GO  one  side-piece. 
20  X  3  =  60  other  side-piece. 
3X3=    9  corner-piece. 

129  total. 

This  makes  the  whole  completed  side  20 
+  3  =  23,  and  exhausts  the  area.  If  thia 
first  effort  had  not  exhausted  the  area,  we 
should  have  had  to  apply  the  remainder  to 
the  sides  of  the  area  already  found,  in  the 
same  manner,  and  so  on  with  every  suc- 
cessive remainder. 


i  20  X  3 

9    i 

bS   1 

400 

X  : 

CO   1 
! 

E 


2.  What  is  the  ^  1448.5636  ? 
Written  Process. 


38.06. 


xAns. 

ExVlanation. 

^-^.^-^  ^-v-— ^  Since  this  num- 

1448.5636(3  8.06  ber  has  a  decimal 

9  of  four  places,  its 

square  root  must 

have  two  decimal 

places.     Because, 

4  563  6  ^y  ^rt.  148,  a  pro- 

45636  ^^'^^  ^^^  *^  many 

decimal  places  as 

are   in    both  factors,   and    the    factors   of    a   square    are    the    roofc 


2X3  =  6: 

2X38  =  76: 
2x380  =  760 


68 

760 
7606 


548 
544 


EXTRACTION  OF  THE  SQUARE  ROOT       281 

taken  twice.  Since  the  tenths  of  the  root,  squared,  can  furnish 
no  further  decimal  than  hundredths,  that  is,  two  decimal  places, 
and  the  htindredths  of  the  root,  squared,  can  furnish  no  more  than 
four  decimal  places,  &c.,  we  must  get  the  tenths  of  the  root  from  the 
first  two  decimal  places,  the  hundredths  of  the  root  from  the  next 
two,  &c.  Hence,  we  mark  off  the  decimal  by  twos  from  the 
point  to  the  right.  Again,  although  6  goes  in  54  nine  times,  we 
write  8  in  the  quotient,  because,  on  trial,  9  gives  a  product  greater 
than  548.  Again,  when  76  goes  in  45  no  times,  we  write  0  in  the 
root,  and  also  annex  it  to  76,  making  760,  then  find  the  next  root- 
figure.     This  saves  a  useless  multiplying  by  0,  &c. 

Rule. — Beginning  at  the  right  of  the  units,  mark  off  the  num- 
ber into  periods  of  two  figures  each;  when  the  number  of  figures 
is  odd,  the  last  formed  period  will  have  but  one  figure. 

Find  the  greatest  square  number  in  the  left-hand  period,  write 
its  root  as  the  first  figure  of  the  answer,  subtract  the  square  frorti 
the  period,  and  to  the  remainder  annex  the  second  period  for  a 
dimdend. 

At  the  left  of  this  dividend  write  as  a  trial  divisor  double  the 
root  found  ;  find  how  many  times  the  trial  divisor  is  contained  in 
all  but  the  rixjht-hand  figure  of  the  dividend,  and  annex  the  quo- 
tient both  to  the  root  found,  as  the  next  figure  of  the  answer,  and 
to  the  tried  divisor. 

Multiply  the  divisor  thus  formed  by  the  last  figure  annexed  to 
the  root;  subtract  the  product,  if  possible,  from  the  dividend,  and 
to  the  remainder  annex  the  next  period  for  a  new  dividend. 

Doultle  the  whole  root  found,  for  a  new  trial  divisor,  and  pro- 
ceed as  before,  till  all  the  periods  have  been  used. 

When  the  product  is  greater  than  the  dividend,  erase  the  figure 
that  produced  it,  and  put  a  figure  of  less  value  in  both  the  root 
and  trial  divisor,  till  the  product  is  small  enough  for  subtraction. 
When  the  trial  divisor  is  not  contained  in  the  part  of  the  divi- 
dend before  mentioned,  annex  a  cipher  both  to  the  root  and  trial 
divisor,  bring  down  the  next  period,  and  proceed  as  usual. 

Point  off  from  the  right  of  the  root  as  many  figures  for  deci- 
mals as  there  loere  decimal  periods  used  in  the  operation. 

Note  1. — If,  in  marking  off,  the  last  decimal  place  has  but  one  figure, 
annex  a  cipher  to  fill  the  period. 

Note  2. — In  surds,  the  root  can  be  closely  approximated  by  using 
decimal  periods  of  ciphers. 

Note  o. — In  extracting  the  square  root  of  a  large  number,  we  can, 
sifter  finding  more  than  the  first  half  of  the  root,  lessen  labor  by  constantly 
dividing  the  last  remainder  by  the  last  divisor,  except  its  righi,-hand 
figure,  as  in  Art.  152. 

Note  A.— The  square  root  of  a  perfect  square  may  be  found  by  rtsclving 

I 
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it  into  its  prime  factors,  and  finding  the  product  of  one  of  each  two  equal  fac- 
tors. Thus  64  =  (2  X  2)  X  (2  X  2)  X  (2  X  2) ;  and  its  square  root 
=  2X2X2  =  8. 


Examples  for  Practice. 


What  is  the  square  root 


Of    • 
6561  ? 
10201? 
152.2756? 
3455881 ? 
1521.468036? 
4326400  ? 
23.222761? 


Ans. 

81. 

101. 

12.34. 

1859. 

39.006. 

2080. 

4.819. 


110. 

1 11. 

1 12. 
il3. 

1 14. 

il5. 


Of 
1.234? 

2? 
629? 
.000729  ? 
.000001 ? 
Find  (36)i 


Ans. 

1.11085-f. 

1.4142135+. 

25.07987+. 

.027. 

.001. 

216. 


16.  Find  (i/65536)i  16. 


Case  II. 
S71.      To  extract  the  square  root  of  common  frac- 


Art 

tions  and  mixed  numbers 

Ex.  1.  What  is  i/ifl  ? 
Process  Indicated. 
/121  _  -1/121 


Ans.  \l. 

Mental  Process. 

V121        t/I^I 1 1  Since  \\^  is  assumed  as  a  square,  it 

iXl  ^^  ~7TaA.  ^^  ^^       must  be  the  product  of  two  equal  fac- 
1^^        yi^-t  ^Qj,g_     -^Tq^^  ^y  ^^^^  ^20,   the   nume- 

rator 121  must  be  the  square  of  the  numerator,  and  the  denominator 
144  must  be  the  square  of  the  denominator  of  the  root.  Therefore 
the  terms  of  the  root  are  found  by  extracting  the  root  of  each  term 
of  If i  separately. 

Ans.  2h 
Second  Method. 
61  =  6.25.  |/6.25  =  2.5  =  2k 


Ex.  2.  What  is  |/6i  ? 
First  Method. 

l\\   2  5     -,/2  5  5  91 

Rules. — I.  For  a  fraction. 

Make  the  square  root  of  the  numerator  a  new  numerator ^  and 
that  of  the  denominator  a  new  denominator;  or, 

First  reduce  the  fraction  to  a  decimal,  and  then  find  its  square 
root. 

II.  For  a  mixed  number. 

Reduce  it  to  an  improper  fraction  or  to  a  mixed  decimal  num- 
ber, and  find  its  square  root  in  this  form. 

Questions. — 270.  How  do  we  extract  the  square  root  of  a  number,  either  in- 
tegral, decimal,  or  mixed  ?  What  may  be  done  with  surds  ?  How  can  wo 
lessen  labor  in  large  numbers?  Give  note  4. — 271.  How  do  we  extract  the 
souare  root  of  common  fractions  and  mixed  numbers  ? 
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Examples  for  Practice. 


3. 

Find  i/lf . 

Ans.  f. 

4. 

Find  Vi%V 

Ans.  |. 

5. 

Find  i/^y,. 

Ans.  |. 

6. 

Find  -i/169yV- 

13.0024+. 

8.  Find  i/196-i-lo. A.14.003+ 

9.  Find  |/5f .       Ans.  2.38+ 
10.  Find  v/596||.      Ans.  24f . 


11.  Find 


183^ 
V452: 


Ans.  |. 


7.  Find  y  |.         Ans.  .632+. 

APPLICATIONS   OF   SQUARE   ROOT. 
Art.  37^.    A  PLANE  TRIANGLE  is  a  plane  figure  bounded 
by  three  straight  lines  called  its  sides. 

A  right-angled  triatujle  is  a  triangle  two  of  whose  sides  are 
perpendicular  to  each  other. 

The  hypotlienuse  is  the  longest 
side  of  a  right-angled  triangle,  and 
is  opposite  the  right  angle.  The 
hase  is  the  side  on  which  the  figure 
is  supposed  to  rest. 


Art.  STS.      The  square  of  the  hypothenuse  is  equal  to  the 
sum  of  the  squares  of  the  perpendicular  sides. 
Illustration. 

3  linear  units  squared  =    9  sq.  units. 

4  "         "  *'        =16  " 


Sum  =  25  " 
Hyp.  (5  lin.  un.)  sq.    =  25  " 

The  example  here  given  is  only  an 
instance  of  a  general  truth,  proved  in 
Geometry. 


Rules. — I.  To  find  the  hypothenuse. 

Extract  the  square  root  of  the  sum  of  the  squares  of  the  other 
two  sides. 

II.  To  find  one  perpendicular  side. 

From  the  square  of  the  hypothenuse  take  the  square  of  the 
given  side,  and  extract  the  square  root  of  the  remainder. 

in.  To  find  the  side  of  a  square  equal  to  a  given  area. 

Find  the  square  root  of  that  area. 

QuESTioxs. — 272.  "What  is  a  plane  ti-iangle?  What  is  a  right-angled 
triangle?  The  hypothenuse ?  The  base? — 27.3.  To  what  is  the  square  of  th 
hypothenuse  equal  ?  How  do  we  find  the  hypothenuse  ?  How  one  perpendicu 
lar  side  ?     How  the  side  of  a  square  of  given  area  ? 
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Examples  for  Practice. 

1.  How  long  is  the  side  of  a  square  acre  ? 

Ans.  12rd.  10ft.  8.52+iii. 

2.  How  long  is  the  side  of  a  square  ten-acre  field  ? 

x\ns,  40rd. 

3.  How  mucli  longer  is  the  side  of  a  square  whose  area  is  2 
sq.  miles,  than  that  of  a  sq.  mile?    Ans  132rd.  9ft.  0.b7-^in. 

4.  If  an  army  of  7076  men,  including  20  officers,  should  arrange 
the  private  soldiers  in  a  solid  square,  how  many  men  would 
stand  in  rank  and  file  ?  Ans.  84. 

5.  How  long  must  a  brace  be  which  is  inserted  into  two  tim- 
bers, at  the  distance  from  their  right-angled  junction  of  15 
inches  on  one  and  18  inches  on  the  other?      Ans.   23.43-f-in. 

6.  What  is  the  length  of  a  rafter,  the  roof  being  10ft.  high 
and  the  building  30ft.  wide  ?  Ans.  18ft.  ^in.  nearly. 

7.  How  high  will  a  ladder  65ft.  long  reach  upon  a  building, 
its  foot  resting  9ft.  from  the  building  ? 

Ans.  64ft.  42-in.  nearly. 

8.  What  is  the  longest  straight  line  that  can  be  drawn  on  the 
floor  of  a  room  16ft.  long  and  14ft.  broad  ? 

x\ns.  21ft.  Syipin.  nearly. 

9.  What  is  the  longest  straight  line  that  can  be  contained  in 
the  same  room  if  it  is  12ft.  high  ?  Ans.  24ft.  Sin.  nearly. 

10.  If  a  boy  can  reach  7ft.  from  the  ground,  and  swings  on  a 
rope  48ft.  long,  attached  to  the  top  of  a  pole  50ft.  high,  what  is 
the  greatest  distance  that  he  can  toUch  ground  from  the  bottom 
of  the  pole?  Ans.   22ft.  llin.  nearly. 

11.  A  farmer,  having  a  lot  80rd.  long  by  20rd.  wide,  removed 
the  fence  to  enclose  an  equal  square  :  how  many  rails  had  he 
left  if  15  rails  fenced  2rd.  ?  Ans.  300  rails. 

12.  How  many  more  bricks  will  it  take  to  build  the  walls  of  a 
house  75ft.  long,  25ft.  wide,  and  25ft.  high,  than  a  square  house 
of  the  same  area  of  floor  and  the  same  height,  allowing  18  bricks 
per  square  foot  of  wall  ?  Ans.  12058  nearly. 

Avt,  374.  The  areas  of  similar  figures  are  to  each  other 
as  the  squares  of  the  lihe  dmiensions  of  the  figures.  Thus,  a 
square  whose  side  is  twice  that  of  another  has  four  times  the 
area;  a  circle  whose  diameter  is  twice  that  of  another  has  four 
times  the  area;  three  times  the  diameter,  nine  times  the 
area,  &c.     This  is  proved  in  Geometry. 

Question. — 274,  How  are  the  areas  of  similar  figures  to  each  other? 
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Examples  eor  Practice. 

1.  How  much  larger  is  a  circle  wliose  diameter  is  5in.  than 
a  circle  whose  diameter  is  2in.  ?  iVns.  6t  times. 

2.  What  is  the  hole  bored  by  an  auger  IJin.  diameter,  com- 
pared with  that  bored  by  a  gimlet  g^in.  in  diameter  ? 

Ans.  144  times  larger. 

3.  If  a  hose  lin.  diameter  discharge  a  barrel  of  water  in  5 
minutes,  how  large  must  the  hose  be  which  would  discharge  3 
barrels  in  the  same  time  and  under  the  same' circumstances? 

Ans.  1.73+in. 

4.  If  a  half-inch  pipe  fill  a  cask  in  11  i  minutes,  how  long 
would  it  take  a  f -inch  pipe  ?  Ans.  5  minutes. 

5.  How  much  more  weight  ought  a  round  bar  of  metal  l^in, 
in  diameter  to  sustain,  than  a  wire  of  the  same  metal  J^  of  an 
inch  in  diameter  ?  Ans.  225  times. 

6.  If  a  bar  of  iron  lin.  square  sustain  680001b.,  how  large 
must  be  a  square  bar  of  the  same  material,  to  sustain  128562 ^Ib.  ? 

Ans.  l|in. 

7.  If,  with  a  certain  steam-pressure,  the  force  on  a  piston-head 
5in.  in  diameter  is  1963^1b.,  how  large  must  be  the  piston  which, 
with  the  same  steam-pressure,  would  receive  11309.761b.  ? 

Ans.  12in.  diameter. 

8.  If  a  hall  lOOft.  long  and  50ft.  broad  can  accommodate  1500 
persons,  how  large  must  the  floor  of  a  similar  hall  be  to  accom- 
modate 1000  persons  ? 

Ans.   81ft.  7.7in.  long,  40ft.  9. Sin.  broad. 

9.  If  a  car  whose  end  is  8ffc.  high  and  9ft.  broad  meets  at  a 
certain  velocity  in  still  air  a  resistance,  from  the  air,  of  3001b., 
how  large  must  be  the  end  of  a  similar  car,  to  receive,  in  the 
same  circumstances,  a  resistance  of  4001b.  ? 

Ans.  9ft.  2.8in.  high,  10ft.  4.7in.  broad. 

10.  If  a  triangular  sail,  16ft.  broad  at  base,  move  a  certain 
boat  in  a  wind  of  a  certain  velocity,  8  miles  per  hour,  how  broad 
must  a  similar  sail  be  to  move  the  same  boat  10  miles  per  hour 
under  the  same  circumstances,  not  reckoning  any  increased  re- 
sistance of  the  water?  Ans.  17ft.  10.6-{-in. 
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Art.  275,  To  extract  the  cube  root  of  a  number  is  to 
resolve  that  number  into  three  equal  factors. 


Question. — 275.  What  is  extracting  the  cube  root  of  a  number? 
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The  integers  from  1  to  10  inclusive  are  the  cube  roots  of 
the  numbers  here  set  beneath  them. 

Roots,  12346         6         7         89         10. 
Cubes,  1    8    27    64    125    216    343    512    729    1000. 

Case  I. 

Art.  S76.     To  extract  the  cube  root  of  an  integral,  deci- 
mal, or  mixed  number. 

Ex.  1.  What  is  the  cube  root  of  12167  ?  Ans.  23. 


Written  Process.  Explanation. 

^^^_^  By  Art.  264, 

12^167(23  this      number 

Cube  of  the  tens  =                          8  T'*  H^^  ^  ''^^* 


3X202=               1200  trial  d'r. 
3x20Xunits3=    180 
(units  3)2  =  9 

1389trued'r. 


of  two  figures, 
4167  viz.,  of  units  and 

4167  te7is;      and     the 

three  right-hand 

figures     (167) 
must  contain  the 


cube  of  the  uniis  of  the  root ;  the  other  two  figures  (12)  must  contain 
the  cube  of  the  tens.  Therefore,  in  general,  each  group  of  three 
figures  successively  toward  the  left,  must  furnish  a  figure  of  the  cube 
root.  Hence,  mark  ofi"  the  number  from  units  into  groups  of  three. 
By  Art.  266,  this  number  must  contain 

1st,  The  cube  of  the  tens. 

2d,  3  times  the  square  of  the  tens  X  the  units. 

3d,  3  times  the  tens  X  the  units  X  the  units. 

4th,  The  cube  of  the  units  =  square  of  the  units  X  the  units. 

The  root  of  8,  the  greatest  cube  in  the  second  period,  (12,)  will  give 
2,  the  tens  of  the  whole  root.  Taking  8  from  12,  we  have  4167  from 
which  the  units  of  the  root  must  be  obtained.  This  4167  must  con- 
tain the  last  three  of  the  before-mentioned  products,  of  which  the 
units  are  one  factor. 

Hence,  dividing  by  one  of  the  factors, — viz.,  3  X  sq.  of  the  tens, — 
we  shall  jpro6a6?y  obtain  the  other  factor, — viz.,  the  ^mits.  On  filling 
out  the  required  products,  they  do  not  amount  to  more  than  the 
dividend:  hence  3  is  the  units  of  the  root.  But  if  the  products  filled 
out  should  in  any  case  amount  to  more  than  the  dividend,  it  is  evi- 
dent that  we  must  take  a  less  figure  for  the  units.  In  this  written 
process,  we  delayed  multiplying  by  the  units  till  we  found  the  sum 
of  the  other  factors,  thus  multiplying  them  all  at  once ;  but  each 
product  could  have  been  filled  out  by  itself.  Thus  performed,  the 
whole  operation  would  be  represented  in  full,  thus : — 
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Cube  of  the  tens  = 

3X202  = 

3X202X3  = 

3X20  X  32  = 

33  = 


1200  trial  divisor. 


3600 
540 

27 


Illustration  by  Solids. 


12167  1  20 
8000   3 


4167  23 


4167 


The  number  12167  can  be  represented 
by  a  cubical  block  whose  volume  is 
found  by  cubing  the  number  represent- 
ing the  length  of  one  edge,  and  it  is  re- 
quired to  find  that  edge.  The  first  part 
of  the  root — viz.,  20 — is  an  approxima- 
tion, exhausting  20  X  20  X  20  =  8000 
units  of  volume.  (See  fig.  1.)  This 
leaves  4167  units  of  volume  to  be  added 
to  the  sides  of  the  approximating  cube 
8000,  to  make  it  equal  to  12167,  still 
keeping  it  a  cube. 


Fig.  1. 


This  implies  three  side-slabs,  each 
having  one  side  20  X  20=  400.  (See 
fig.  2.)  Also  three  equal  corner-pieces, 
each  20  long,  and  having  both  breadth 
and  thickness  equal  to  the  thickness  of 
the  slabs.     (See  fig.  3.) 


i"ig.  3. 
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Fig.  4. 


20  + 


Also  one  corner-cube  to  fill  the  va- 
cancy left  by  the  three  corner-pieces. 
(See'fig.  4.) 

Therefore,  dividing  the  additional 
volume  4167  by  the  area  of  one  side 
of  the  slab-additions,  will  give,  either 
nearly  or  exactly,  the  thickness  of 
these  slabs.  In  the  example  it  gives 
it  exactly, — viz.,  3.  The  added  pieces, 
therefore,  are  in  volume,  as  follows  : — 


20X20X3  =  first  side  slab,  =1200 

20X20X  3  =  second  "  =1200 

20X20X3  =  third      "  =1200 

2  0  X    3X3  =  first  corner-piece,  =    180 

20  X     3X3  =  second        "  =180 

20  X     3X3  =  third          "  =    180 

3X     3  X  3  =  corner-cube  =       27 


Total, 


41G7 


Therefore  the  approximate  edge  20,  when  completed,  is  20  -j  3 
=:  23.  It  is  plain  that  if  the  4167  had  not  exhausted  the  given 
volume,  the  remainder  should  have  been  again  applied  to  the  three 
enlarged  sides  of  the  first  approximate  cube,  in  the  same  way  as  the 
first  remainder  was  applied ;  and  so  with  every  successive  remainder. 


Ex.  2.  What  is  the  cube  root  of  12.167  ? 


Alls.  2.3. 


Explanation.  Here  the  processes  must  be  as  before  :  but,  as  the 
period  167  is  decimal,  its  root  must  be  tenths,  because  the  cube  of 
tenths  cannot  be  lower  than  thousandths,  since  .9  X  -9  X  -9  =  -729. 
Hence  the  answer  must  be  2.3.  If  there  had  been  three  more  deci- 
mal places  in  the  number,  they  would  have  furnished  hundredths  in 
the  root ;  three  more,  thousandths,  &c.  ;  since  the  cube  of  hundredths 
gives  millionths,  or  six  places,  the  cube  of  thousandths  gives  nine 
places,  &c. 

Rule. — Beginning  at  the  right  of  the  units,  mark  off  the 
number  irito  periods  of  three  figures  each :  the  last-formed  perioa 
will  have  less  than  three  figures,  when  the  number  of  figures  is 
not  divisible  by  3 

Find  the  greatest  cube  number  in  the  left-hand  period,  write 
its  cube  root  as  the  first  figure  of  the  answer,  subtract  the  cube 
from  the  period,  and  to  the  remainder  annex  the  second  j^criod 
for  a  dividend. 
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Square  the  root  foundy  annex  two  ciphers,  and  multiply  the 
result  by  3  for  a  trial  divisor. 

Find  how  many  times  the  trial  divisor  is  contained  in  the 
dividend,  and  write  the  quotient  as  the  next  figure  of  the  root. 

To  the  trial  divisor  add  three  times  the  product  of  the  former 
part  of  the  root  (icitJi  a  cipher  annexed)  by  the  la^t  figure  of  the 
root,  and  the  square  of  the  last  figure. 

Multij)ly  this  sum  by  the  last  figure  of  the  root,  subtract  the 
product,  if  possible,  from  the  dividend,  and  to  the  remainder 
annex  the  next  period  for  a  new  dividend.  Proceed  as  before 
till  all  the  periods  have  been  used. 

When  tiie  product  is  greater  than  the  dividend,  erase  the 
figure  that  produced  it,  and  with  a  figure  of  less  value  recalcu- 
late the  additions  to  the  trial  divisor,  till  the  product  is  small 
enough  for  subtraction. 

When  the  trial  divisor  is  not  contained  in  the  dividend,  annex 
a  cipher  to  the  root,  two  ciphers  to  the  trial  divisor,  bring  down 
the  next  period  to  the  right  of  the  dividend,  and  proceed  as 
usual. 

Point  off  from  the  right  of  the  root  as  many  figures  for  deci- 
mals as  there  are  decim^al periods  in  the  operation. 

Note  1. — In  surds,  the  root  can  be  closely  approximated  by  using 
decimal  periods  of  ciphers. 

Note  2. — If,  iu  marking  off,  the  last  decimal  period  has  less  than 
three  figures,  fill  the  period  Avith  ciphers. 

Note  3. — It  is  plain  that  we  can  cube  the  ivhole  root  after  getting  any 
figure  of  it  by  the  trial  divisor,  and  for  a  new  dividend  subtract  that 
cube  from  all  the  periods  that  have  been  used. 

Note  4. — In  finding  cube  root  to  a  certain  number  of  decimal  places, 
the  labor  can  be  shortened  after  getting  one  more  than  half  the  places, 
by  annexing  one  cipher  to  the  last  dividend,  dividing  by  tJie  trial 
divisor,  taking  the  quotient  as  a  new  root  figure,  multiplying  trial 
divisor  by  it,  subtracting  product,  annexing  one  cipher  to  remainder, 
and  so  on ;  or, 

After  finding  one  more  than  half  the  places,  divide  the  last  remainder 
continually  by  the  last  divisor,  omitting  each  time  two  right-hand 
figures  from  the  divisor,  and  one  from  the  remainder. 

Note  5. — The  cube  root  of  a  perfect  cube  may  be  found  by  resolving  it 
into  its  prime  factors,  and  finding  the  product  of  one  of  each  three  equal  fac- 
tors. Thus  '64  =  (2  X  2  X  2)  X  (2  X  2  X  2,)  and  its  cube  root  =  2 
X  2  =  4. 


Question. — 276.  How  do  we  extract  the  cube  root  of  an  integral,  decimal 
or  mixed  number  7 
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Examples  eor  Practice. 
3.  Find  ^.123  to  five  decimal  places. 
Common  Process, 


,123  (.49731 
64 


4800 

1080 

81 


5961 


59000 
53649 


5351000 


720300 

10290 

'49 


730639 


5114478 


236527000 


74102700 

44730 

9 


74147439 


222442317 


14084683000 


7419218700 

14910 

1 


7419233611 


7419233611 


6665449389 


What  is  the  cube  root 

Of  Ans. 

4913  ?  17 

1061208  ?  102 

46656  ?  36 


Short  Process, 


.123 
64 

(.49732 

4800 

1080 

81 

59000 
53649 

5961 

5351000 

720300 

10290 

49 

5114473 

730^^^ 

23652; 
21919 

1733 
146 

102503.232?   .  46.8 

8.  130393258.550829?  507.09 

9.  8.144865728?  2.012 
10.  483.921516051?         7.851 


11. 

12. 
13. 
14. 
15. 
16. 
17. 


Of 
1234567? 
44.6? 
12345678? 
11? 
25? 
2? 
6? 


Ans. 

107.276572-f 

3.546322+ 

231.120418+ 

2.22398+ 

2.92401+ 

1.25992104+ 

1.817120+ 


Case  II. 

Art.  S77.     To  extract  the  cube  root  of  a  common  frac- 
tion, or  of  a  mixed  number. 

Ex.  1.  What  is  the  cube  root  of  jfl?  Ans.   |. 
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Process  Indicated.  Mental  Process." 

/125        1^125        5  Since  |f|  is  assumed  as  a  cube,  it 

\( 'TTr  ^^^  3/91^  ^^  6  must  be  the  product  of  three  equal 

^ ""             y  "^  fractions,  which  would  be  the  cube  of 

their  numerator  over  the  cube  of  their  denominator.     Therefore,  the 

cube  root  of  a  fraction  is  the  cube  root  of  its  numerator  over  the 

cube  root  of  its  denominator. 

Ex.  2.  What  is  the  cube  root  of  15|  ?  Ans.  2i 


First  Method. 


Second  Method. 


"1^5  12  5 


i|5  =  5=2i|15|==  15.625. -(^15.625: 


:2* 


Rules. — I.  For  a  fraction. 

3Iake  the  cube  root  of  the  numerator  a  new  numerator,  and  the 
cube  root  of  the  denoininator  a  new  denominator  ;  or, 

First  reduce  the  fraction  to  a  decimal,  and  then  find  its  cube 
root. 

II.  For  a  mixed  number. 

Reduce  it  to  an  imjyroper  fraction,  or  to  a  mixed  decimal 
number,  and  find  its  cube  root^  in  this  form. 


Examples 

FOR 

Practice 

3. 

rm\ 

f 

10. 

r^ie^s 

8A 

4. 

ffiiW 

if 

11. 

nm 

14 

5. 

riii 

=                  f. 

12. 

ri\ 

=  .64365958+ 

6. 

ri 

=  .9614997+. 

13. 

rm 

=                    1 

7. 

f~U~h 

= 

14. 

rh% 

^ 

8. 

r^/o 

=.    1.730254-. 

15. 

rh'o 

=     1.01639+ 

9. 

1^2851 

=   6.58661+. 

16. 

#^7? 

=         1.988+ 

A.rt.  ST8.  The  volumes  of  similar  solids  are  to  each 
other  as  the  cubes  of  their  corresponding  linear  dimensions. 

Thus,  the  volume  of  one  cube  is  to  that  of  another  as  the  cube 
of  the  edge  of  the  first  is  to  the  cube  of  the  edge  of  the  second ; 
and  the  ^volume  of  one  globe  is  to  that  of  another  as  the  cube  of 
the  diameter  of  the  first  is  to  the  cube  of  the  diameter  of  the 
second;  &c.     This  is  proved  in  Geometry. 


Questions. — 277.  How  do  we  find  the  cube  root  of  a  common  fraction,  or  of 
a  mixed  number? — 278.  What  ratio  have  similar  solids? 
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Examples  for  Practice. 

1.  If  a  cannon-ball  6  inches  in  diameter  weighs  321b.,  wnat 
is  the  weight  of  a  ball  3  inches  in  diameter,  of  the  same  mate- 
rial? Ans.  41b. 

2.  On  the  same  conditions,  what  would  be  the  diameter  of  a 
ball  that  weighed  2561b.  ?  Ans.  12in. 

3.  What  is  the  edge  of  a  cubical  box  that  contains  Iqt.  dry 
measure?  Ans.  4yig in.  nearly. 

4.  What  would  be  the  side  of  a  cubical  box  that  would  hold 
500  bushels  of  coal,  Pa.  measure?  Ans.  9ft.  2.3in.-f . 

5.  How  far  down  a  stack  of  hay,  shaped  like  a  cone  or  pyra- 
mid, must  I  take,  to  take  i  of  the  whole  ? 

Ans.  i  of  the  height. 

6.  How  many  worlds  like  ours  could  be  contained  in  the 
space  occupied  by  the  sun,  the  earth  being  7912  miles  in 
diameter,  and  the  sun  being  nearly  886144  miles  in  diameter  ? 

Ans.  1404928. 

7.  How  many  worlds  like  our  moon  would  it  take  to  make  a 
mass  equal  in  size  to  our  earth,  the  moon's  diameter  being  about 
2083  miles  ?  Ans.  55  neai'ly. 

8.  If  a  cylinder  18 J  inches  diameter  and  8  inches  deep  con- 
tain a  Winchester  bushel,  what  are  the  dimensions  of  a  cistern 
of  proportional  parts,  that  will  contain  1000  Winchester  bushels? 

Ans.  6fb.  Sin.  deep ;  15ft.  5in.  diameter. 

9.  What  is  the  difference  between  half  a  cubic  yard  and  a 
half-yard  cube  ?  Ans.  lOi  cubic  feet. 

10.  If  the  gas  which  fills  a  balloon,  26.7  feet  in  diameter,  has 
an  upward  force  of  7001b.,  how  large  must  be  the  balloon  that, 
when  filled  with  the  same  quality  of  gas,  would  have  an  upward 
force  of  a  ton?  Ans.  37.8-)-ft.  diam. 

11.  A  stove  dealer  made  four  sizes  of  a  certain  pattern  of 
stove.  The  smallest  was  20in.  broad  on  the  top,  and  weighed 
3001b.  If  the  other  three  were  proportionally  made,  how  broad 
were  they,  their  weights  being  400,  500,  and  6001b.  ? 

Ans.  22-j-in.;  23.71 -fin.;  25.19 -fin. 

12.  Comparing  the  principle  involved  in  Ex.  5  and  6  of  Art 
274  with  that  of  this  article,  and  assuming  a  limit  to  the  strength 
of  materials,  prove, 

1st,  That  there  must  be  a  limit  to  the  proportional  growth  of 
the  branches  of  trees  and  the  bodies  of  animals ; 
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2d,  That  there  must  be  a  limit  to  the  size  of  ships,  spans  of 
suspension  bridges,  and  other  structures,  if  enlarged  proportion- 
aUy; 

3d,  That  a  bar,  or  rope,  cannot,  by  increasing  its  diameter,  be 
made  strong  enough  to  support  the  weight  of  an  unlimited 
length  of  itself. 

EXTRACTION  OF  ANY  ROOT. 
Art.  279,     To  extract  any  root  of  a  number. 

A  method  of  extracting  ani/  root  of  a  number  was  invented  by 
Mr.  Horner,  and  is  called 

Horner's  Method. 

KuLE. — Begin  as  many  columns  of  numbers  as  tJiere  are  units 
in  the  index  of  the  root,  by  icriting  the  given  number  as  the  head 
of  the  right-hand  column,  and  c'q^hers  as  the  head  of  the  others. 

Beginning  at  the  right  of  units,  mark  off  the  number  into  as 
many  periods  as  possible  of  as  many  figures  each  as  there  are 
columns. 

The  roof  of  the  greatest  perfect  power,  of  the  given  degree,  in 
the  left-hand  period  is  the  first  figure  of  the  ansicer. 

Add  this  figure  to  .the  term  of  the  first  column,  for  its  next 
term.  3Iultip>ly  this  sum  by  the  7'oot  figure ;  add  the  product  to 
the  term,  in  the  second  column',  multiply  this  sum  by  the  same 
roof-figure,  and  add  the  product  to  the  term  in  the  third  column ; 
and  so  proceed  till  you  place  the  last  product  under  that  period 
in  the  right-hand  column  from  ichich  the  roof  figure  was  found. 
Subtract  the  last  product  from  the  period  above  if. 

Add  the  same  root-figure  to  the  last  term  of  the  first  column, 
for  its  next  term.  Multiply  the  sum  by  the  root  figure  ;  add  the 
product  to  the  last  term  of  the  second  column  ;  and  so  proceed, 
ending  in  the  last  column  but  one.  Repeat  the  process,  ending 
each  time  one  column  farther  to  the  left,  till  y 021  at  last  merely  be- 
gin it  in  the  left-hand  column. 

Annex  one  cipher  to   the  last  term  in  the  first  column,  two 

ciphers  to  that  in  the  second,  and  so  on;  and  to  that  in  the  last 

column  annex  the  next  period  for  a  dividend.     Divide  this  by  the 

last  term  of  the  previous  column  as  a  trial  divisor  (making  allow- 
• 

Questions.— 279.  Repeat  Horner's  Method-  "What  other  method  is  there 
for  roots  with  composite  exponents  ? 
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ance  for  completing  it)  for  the  next  figure  of  the  root,  icith  which 
do  as  with  the  first  figure,  and  so  or  till  all  the  periods  have 


Note  1. — This  method,  though  applicable  to  any  root,  is  especially 
useful  in  extracting  roots  whose  exponent  is  a  prime  number,  and  also 
when  the  number  whose  root  is  desired  is  an  impei'fect  power. 

Note  2. — When  the  exponent  of  the  required  root  is  a  composite  num- 
ber, that  root  may  be  found  by  extracting  successively  the  roots  expressed 
by  the  factors  of  its  exponent.  Thus,  to  find  the  fourth  root,  take  the 
square  root  of  the  square  root;  to  find  the  sixth  root,  take  the  cube  root  of 
the  square  root,  or  the  square  root  of  the  cube  root,  &c. 

Note  3. — For  the  sake  of  practice,  the  pupil  is' recommended  to  solve, 
by  this  method,  several  of  the  examples  in  cube  root.  For  a  method  of 
contraction  adapted  to  Horner's  method,  see  Higher  Arithmetic. 


Examples  for  Practice. 
1.  What  is  the  fifth  root  of  184528125? 


Ans.  45. 


200 
5 


0 

4 

0 
16 

16 
32 

48 
48 

96 
64 

0 
64 

64 
192 

256 
384 

0 
256 

256 
1024 

184528125(45 
1024 

4 
4 

82128125 
82128125 

8 
4 

12800000 
3625625 

12 

4 

640000 
85125 

16425625 

16  16000  725125 
4   1025 


17025 


05 

2. 
3! 
4. 
5. 


What  is  the  1^123456789? 
The  4th  root  of  390625? 
The  6th  root  of  225199600704? 
The  7th  root  of  987654321  ? 


Ans.  497.93-}-. 

Ans.  25. 

Ans.  78 

Ans.  19.27+ 
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CHAPTER  XXI. 

SERIES.     ANNUITIES.     PERMUTATION.     COMBINATION. 

SERIES. 

Art.  ^80.  A  SERIES,  or  j^rogression,  is  a  succession  of 
numbers,  each  of  which  has  the  same  relation  to  the  preceding 
number.     Such  numbers  are  said  to  be  {71  progression. 

The  te?"nis  of  a  series  are  the  numbers  which  compose  it. 

An  ascending  series  is  a  series  composed  of  terms  each  of 
which  is  larger  than  the  preceding  term. 

A  descending  series  is  a  series  composed  of  terms  each  of 
which  is  smaller  than  the  preceding  term. 

The  extremes  of  a  series  are  its  first  and  last  terms. 

The  means  of  a  series  are  all  the  terms  except  the  first 
and  last. 

In  reference  to  the  ratio  of  the  terms,  series  are  Arithmetical 
or  Geometrical. 

ARITHMETICAL   SERIES. 

Art.  281.  An  Arithmetical  series  is  a  series,  between 
each  of  whose  terms  and  the  preceding  term  there  is  a  constant 
difference,  called  the  common  difference.  Thus,  2  is  the  common 
difference  of  the  ascending  series  2,  4,  6,  8,  10,  &c.,  and  of  the 
descending  series  10,  8,  6,  4,  2. 

Art.  282.  To  find  any  required  term  of  a  series,  when 
the  first  term  and  common  difference  are  known. 

Ex.  1.  What  is  the  25th  term  of  4,  6,  8,  &c.?       Ans.  52. 
Process  Indicated.  Explanation. 

25  —  1  =  24  The  second  term  is  the  first,  plus  once 

(24  X  ^)  -1-4^52     the  common  difference;  the  third  term  is 
the  first,  plus  tioice  the  common  difference, 
&c.   Hence  the  following 

Questions.  280. — What  is  a  series ?  Its  terms?  An  ascending  series?  A 
descending  series?  Extremes?  Means?  How  are  series  classified?— 
281.  What  is  an  arithmetical  series  ? 
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Rule. — Multiply  the  common  difference  hy  the  number  of 
terms  less  one,  and  add  the  product  to  the  first  term  in  an 
ascending  series;  hut  subtract  it  from  the  first  term  in  a  de- 
scending series. 

Examples  for  Practice. 

2.  What  is  the  100th  term  of  2,  5,  8,  &c.  ?  Ans.  299. 

3.  What  is  the  75th  term  of  501, 497,  493,  &c.  ?     Ans.  205 

4.  [f  you  begin  with  spending  a  half-dime,  and  increase  the 
quantity  a  half-dime  every  day,  how  much  would  you  spend  on 
the  365th  day?  Ans.  $18.25. 

Art.  S83.     To  find  the  sum  of  an  arithmetical  series. 
Ex.  1.  What  is  the  sum  of  1,  3,  5,  7,  &c.  to  the  6th  term? 

Ans.  36. 
Illustration. 
1      3      5      7      9   11  Here  we  make  the  series  descending, 

119      7      5      3      1       and  write  its  terms  under  the  given  as- 

, cending   series.      Ou    adding   the   terms 

-j9  -|9  iQ   -19   -19   -19       thus  arranged,  the  sums  are  equal, — viz. : 

'^      "*      ^       12  for  every  double  term.     Hence  there 

are  as  many  twelves  in  twice  the  given  series  as  there  are  terms  in  it , 

that  is,  6  X  12  =  72.     Hence  the  sum  of  the  series  is  72  -^  2  =  36. 

Rule. — Multiply  half  the  sum,  of  the  extremnes  by  the  number 
of  terms,  or  the  sum  of  the  extremes  by  half  the  number  of  terms. 

Examples  for  Practice. 

2.  What  is  the  sum  of  100  terms  of  2,  5,  8,  &c.? 

Ans.  15050. 

3.  Of  75  terms  of  501,  497,  493,  &c.  Ans.  26475. 

4.  How  much  would  you  .spend  in  a  common  year,  beginning 
with  spending  5cts.  and  increasing  5cts.  every  day? 

Ans.  83339.75. 

5.  How  many  strokes  of  a  common  clock  in  1-2  hours? 

Ans.  78. 

Art.  284.  To  find  the  common  difference,  when  the 
extremes  and  number  of  terms  are  given. 

Ex.  1.  What  is  the  common  difference  of  a  series  whose  first 
term  is  6  and  tenth  term  33  ?  Ans.  3. 


Questions.-— -282.  How  do  we  find  any  term  of  a  series  ? — 283.  How  do  w© 
find  the  sum  of  a  series  ? 
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Process  Indicated.— (3  3-6)-v-(10  —  l)  =  27-f-9  =  3 

Rule. — Divide  the  difference  of  the  extremes  hy  the  nuinher 
of  terms  less  one. 

Examples  for  Practice. 

2.  What  is  tlie  common  difiference  of  a  series  whose  first  term 
is  2  and  fiftieth  term  26 J?  Ans.  J. 

3.  Of  a  series  whose  first  term  is  8  and  100th  term  416|? 

Ans.  4i. 

Art.  S85.  To  find  the  number  of  terms,  when  the 
extremes  and  common  difi'erence  are  known. 

Ex.  1.  Beginning  with  $2,  and  paying  $2  more  every  week, 
in  how  many  weeks  will  my  payment  be  $100  ? 

Ans.  50  weeks. 

Process  Indicated.~(1  0 0  —  2) --2  =  49.    49  +  1  =  50. 
Rule. — Divide  the  difference  of  the  extremes  hy  the  common 
difference,  and  add  1  to  the  quotient. 

Examples  for  Practice. 

2.  What  term  of  the  series  1,  IJ,  2,  2  J,  &c.  is  38? 

Ans.  The  75th. 

3,  What  term  of  the  series  100,  96,  92,  &c.  is  20? 

Ans.  The  21st. 

GEOMETRICAL  SERIES. 

Art.  ^86.  A  Geometrical  series  is  a  series  each  of  whose 
terms  may  be  formed  from  the  preceding  by  a  constant  multi- 
plier, called  the  ratio. 

When  the  ratio  is  greater  than  unity,  the  series  is  ascending, 
when  less,  descending. 
Thus, 

2,  4,  8,  16,  &c.  is  ascending,  with  the  ratio  2. 
16,  8,  4,  2,  is  descending,  with  the  ratio  J. 

Art.  S8T.  To  find  any  required  term  of  a  series,  whew 
the  first  term  and  the  ratio  are  known. 

Ex.  1.  What  is  the  10th  term  of  2,  6,  18,  &c.? 

Ans.  39366. 


Questions. — 284.  How  do  we  find  the  common  difFerenees  2 — 285.  How  d( 
we  find  the  number  of  terms  ? — 286.  What  is  a  geometrical  series  ? — 287.  Hoti 
do  we  find  any  term  of  a  series  ? 
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Process  Indicated.  Explanation. 

31^1  =  33  =  1 9  6  8  3  The  second  term  is  the  first  term  into  3  : 

19683X2=39366     t^ie  third  term  is  the  first  term  into  3  X 
3  =  3^;  the  fourth  term  is  the  first  term 
into  3  X  3  X  3  =  3^  &c.     Hence  the  tenth  term  is  the  first  term 
into  3^.     Hence  the  following 

Rule. — Multiply  the  first  term  hy  that  power  of  the  ratio 
whose  exponent  is  one  less  than  the  number  of  the  required  term 

Examples  for  Practice. 

2.  What  is  the  7th  term  of  the  series  4,  12,  36,  &c.  ? 

Ans.  2916. 

3.  What  is  the  7tli  term  of  the  series  2916,  972,  &c.? 

Ans.  4. 

4.  If  I  buy  10  acres  land,  giving  $2  for  the  first,  $4  for  tlie 
second,  $8  for  the  third,  &c.,  what  will  the  tenth  acre  cost? 

,  Ans.  ^1024. 

5.  The  successive  annual  amounts  of  SI  at  6^  compound 
interest  being  $1,  $1.06,  $1.06,^  &c.,  what  is  the  amount  of  SlOO 
foroyr.?  Ans.  $133.82,25-|-. 

6.  What  is  the  amount  of  $500  at  5%  compound  interest  for 
lOyr.?  Ans.  $814.44,7+. 

Art.  S88.     To  find  the  sum  of  a  geometrical  series. 
Ex.  1.  What  is  the  sum  of  the  series  2,  8,  32,  128? 

Ans.  170. 
Illustration. 
512  +  128  +  32  +  8  =  4  times  the  series. 

128  +  32  +  8  +  2  =  once  the  series. 


512—       0—     0  —  0  —  2  =  510=3  times  the  series. 
510-r-3  =  170  =  the  sum  of  the  series. 

Rule. — Multiply  the  last  term  hy  the  ratio,  and  divide  the 
difference  between  this  product  and  the  first  term  by  the  difference 
between  the  ratio  and  unity. 

Note. — If  a  descending  series  is  infinite,  the  last  term  is  0. 

Examples  for  Practice. 

2.  What  is  the  sum  of  7  terms  of  the  series  4,  12,  36,  &c.  ? 

Ans.  4372. 

3.  What  is  the  sum  of  7  terms  of  the  series  2916,  972,  &c.? 

Ans.  4372. 

4.  What  is  the  sum  of  ^,  ^,  Jg,  &c.,  to  infinity?      Ans.. 4- 

Question. — 288.  How  do  we  find  the  sum  of  a  geometrical  series  ? 
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5.  What  is  the  sum  of  j^^,  y§^,  jo%^,  &c.;  that  is,  of  the 
repetend  decimal  .333,  &c.  to  infinity?  Ans.  |  or  i. 

6.  What  is  the  sum  of  j^^''^,  j-^^q-^,  &c.j  that  is,  of  the  repe- 
tend decimal  .2727,  &c.  to  infinity?  Ans.  j^. 

7.  A  farmer  agreed  to  pay  a  thrasher  for  18  days'  work,  as 
follows: — 2  grains  of  wheat  the  first  day,  6  the  second,  18  the 
third,  &c.  :  what  would  the  wages  be  if  7000  grains  of  wheat 
make  a  pound,  60  pounds  a  bushel,  and  the  price  is  81  a  bushel  ? 

Ans.  8922.42,9-1-. 

ANNUITIES. 

Art.  S89.  An  annuity  is  a  sum  of  money  payable  at 
regular  periods  of  time. 

Note. — An  annuity  at  first  signified  a  sum  payable  annually. 

A  perpetuity  is  an  annuity  which  is  to  continue  forever. 

An  annuity  certain  is  an  annuity  continuing  a  definite  number 
of  years. 

An  annuity  deferred,  or  in  reversion,  is  one  which  is  to  com- 
mence after  the  lapse  of  a  definite  time. 

An  annuity  forborne,  or  in  arrears,  is  one  whose  payments 
have  not  been  made  when  due. 

The  amount  of  an  annuity  forborne  is  the  sum  of  the  pay- 
ments, and  their  interest  for  the  time  they  have  been  withheld. 

The  initial  icorth  of  an  annuity  is  its  value  at  its  beginning. 

T\i& present  icorth  of  a  perpetuity  deferred  is  such  a  sum  as, 
when  put  at  interest  for  the  time  deferred,  would  amount  to  the 
initial  worth  of  the  perpetuity. 

The  present  worth  of  an  annuity  certain  is  that  sum  which,  if 
put  at  interest  till  the  end  of  the  annuity  or  the  time  it  is  for- 
borne, would  amount  to  the  value  of  the  annuity  at  that  time. 

An  annuity  commences  one  period  of  time  before  the  first 
payment. 

ANNUITIES   AT   SIMPLE   INTEREST. 

Art.  S90.  To  find  the  amount  of  an  annuity  certain  or 
forborne,  at  simple  interest. 

Ex.  1.  A  tenant  withheld  an  annual  rent  of  $100  for  6  years, 
and  then  settled  with  the  landlord  at  6%  simple  interest.  V7hat 
did  he  pay  him  ?  Ans.  S826. 

QtrESTiONS. — 289.  What  is  an  annuity  ?  A  perpetuity  ?  An  annuity  certain  ? 
An  annuity  deferred?  An  annuity  forborne?  The  amount  of  an  annuity 
forborne?  What  is  the  initial  worth  of  an  annuity?  The  present  worth  of  a 
perpetuity  deferred  ?  Of  a  deferred  annuity  certain  ?  When  does  an  annuity 
commence  ? 
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Explanation. — The  first  $100  amounted  in  6  years  to  il36 ;  the 
second,  in  5  years,  to  $130  ;  the  third,  in  4  years,  to  $124 ;  the  fourth, 
in  3  years,  to  $118  ;  the  fifth,  in  2  years,  to  $112  ;  the  sixth,  in  1  year, 
to  $106 ;  and  the  seventh  $100  was  due  without  interest.  These 
numbers  form  an  arithmetical  series  with  a  common  difference  of  $6. 
Hence  the  sum  is  found  by  Art.  283  thus : — 

^^^  +  ^^^  =  118.     118  X  7  =  826  Ans. 

Rule. — Make  the  interest  of  one  period  the  cortimon  difference^ 
and  the  annuity  the  fir&t  term  of  an  arithmetical  series;  then  find 
its  last  term  and  sum. 

Examples  FOR  Practice. 

2.  A  guardian  was  bound  to  pay  $300  a  year  to  an  orphan, 
but  withheld  payment  for  9  years.  What  was  then  due  to  the 
orphan;  int.  6%  ?  Ans.  $3810. 

3.  A  farmer  purchased  200  acres  of  land  at  $100  per  acre, 
and  agreed  to  pay  for  it  in  10  equal  annual  installments ;  but, 
there  being  some  doubt  about  the  title,  he  withheld  the  install- 
ments 12  years  from  the  time  the  fii-st  was  due,  till  the  title  was 
perfect.     What  was  then  due;  int.  7%  ?  Ans.  $30500. 

ANNUITIES  AT   COMPOUND  INTEREST. 
Case  I. 

Art.  ^01.  To  find  the  amount  of  an  annuity  forborne  for 
a  definite  time,  at  compound  interest. 

Ex.  1.  A  tenant  withheld  an  annual  rent  of  $100  for  6  years, 
and  then  settled  with  the  landlord,  paying  6%  compound  in- 
terest.    What  did  he  pay  him  ?  Ans.  $839.38,3. 

Explanation. — The  seventh  $100  was  due  without  interest ;  the 
sixth,  in  1  year,  amounted  to  $100  X  1.06  ;  the  fifth,  in  2  years, 
to  $100  X  1.06  X  1.06  =  $100  X  (1.06)2;  ^^e  fourth,  in  3  years, 
to  $100  X  (1.06)^,  &c.  This  forms  a  geometrical  series  vrith  a  ratio 
of  1.06.     Hence,  by  Art.  288,  the  sum  is  found  thus  : — 

$100  X  (1.06)^  X  1.06  —  100  ^  100  X  1.50363  — 100  ^  50.363 
1.06  —  1  ;06  .06 

=-  $839.38,3.     This  process  being  tedious,  it  is  customary  to  use  a 


Question. — 290.  How  do  we  find  the  amount  of  an  annuity  forborne,  a» 
imple  interest  ? 


ANNUITIES  AT   COMPOUND  INTEREST. 


301 


Table, 

Stowing  the  amount  of  $1  or  £1  annuity  per  annum,  at  com- 
pound interest,  for  any  number  of  years  not  more  than  fifty. 


>< 

1 

5  per  cent. 

6  per  cent. 

7  per  cent,  i 

r- 

1 

26 

5  per  cent. 

6  per  cent. 

7  per  cent. 

1.000 

000 

1.000 

000 

1.000 

000 

51.113 

454 

59.156 

383 

68.676  470 

2 

2.050 

000 

2.060 

000 

2.070 

000  ! 

27 

54.669 

126 

63.705 

766 

74.483  823 

3 

3.152 

500 

3.183 

600 

3.214 

900 

28 

58.402 

583 

68.528 

112 

80.697  691 

4 

4.310 

125 

4.374 

616 

4.439 

943  i 

29 

62.322 

712 

73.639 

798 

87.346  529 

6 

5.525 

631 

5.637 

093 

5.750 

739  1 

30 

66.438 

848 

79.058 

186 

94.460  786 

6 

6.801 

913 

6.975 

319 

7.153 

291  1 

31 

70.760 

790 

84.801 

677 

102.073  041 

7 

8.142 

008 

8.393 

838 

8.654 

021 

.32 

75.298 

829 

90.889 

778 

110.218  154 

8 

•  9.549 

109 

9.897 

468 

10.259 

803 

33 

80.063 

771 

97.343 

165 

118.933  425 

9 

11.026 

564 

11.491 

310 

11.977 

989  i 

34 

85.066 

959 

104.183 

755 

12S.258  765 

10 

12.577 

893 

13.180 

795 

13.816 

448  ! 

,35 

90.320 

807 

111.4.34 

780 

138.236  878 

11 

14.206 

787 

14.971 

643 

15,783 

599  ■ 

36 

95.838 

323 

119.120 

867 

148.913  460 

12 

15.917 

127 

16.869 

941 

17.888 

451  I 

|37 

101.628 

139 

127.268 

119 

160.337  400 

13 

17.712 

983 

18.882 

138 

20.140 

643 

.38 

107.709 

546 

135.904 

206 

172.561  020 

14 

19.598 

632 

21.015 

066 

22.550 

488  i 

39 

114.095 

023 

145.058 

458 

185.640  292 

15 

21.578 

564 

23.275 

970 

25.129 

022  ' 

'40 

120.799 

774 

154.761 

966 

199.635  112 

16 

23.657 

492 

25.670 

528 

27.888 

054  i 

,-n 

127.839 

763 

165.04? 

684 

214.609  570 

17 

25.840 

366 

28.212 

8S0 

30.840 

217  1 

42 

135.231 

751 

175.950 

645 

230.632  240 

18 

28.132 

385 

30.905 

653 

33.999 

033  ! 

43 

142.993 

339 

187.507 

577 

247.776  496 

19 

30.539 

004 

33.759 

992 

37.378 

965 

44 

151.143 

006 

199.758 

032 

266.120  851 

20 

3.3.065 

954 

36.785 

591 

40.995 

492  ' 

;45 

159.700 

156 

212.743 

514 

285.749  .311 

21 

35.719 

252 

39.992 

727 

44.866 

177 

46 

168.685 

164 

226.508 

125 

306.751  763 

22 

38.505 

214 

43.392 

290 

49.005 

739 

47 

178.119 

422 

241.098 

612 

329.224  386 

23 

41.430 

475 

46.995 

828 

53.436 

141  1 

'48 

188.025 

393 

256.564 

529 

353.270  093 

24 

44.501 

999 

60.815 

577 

58.176 

671  ' 

i49 

198.426 

663 

272.958 

401 

378.999  000 

25 1  47.727 

099 

54.864 

512 

63.249 

030 

50 

209.347 

976 

290.335 

905 

406.528  929 

Illustration.-^To  perform  Ex.  1  by  this  table,  we  take  out 
8.393838  for  7  years  at  6% .   Then  8.393838  X  $100  =  $^39.3838  Ans. 

Rule. — Make  the  amount  of  one  dollar  for  one  period  of  time 
the  ratio,  and  the  annuity  the  first  term  of  a  geometrical  series; 
then  find  its  last  term  and  sum;  or, 

Find  in  the  table  the  amount  of  one  unit  of  money  for  the 
given  time  and  rate,  and  m,ultiply  it  by  the  annuity. 

Examples  foe,  Practice. 

2.  What  is  the  amount  of  an  annuity  of  %\2>b  forborne  7  years, 
at  7 %  compound  interest ?  Ans.  $1081. 75-{-- 

3.  If  you  should  begin  at  25  years  of  age  to  save  from  your 
profits  in  business  $200  per  year,  and  keep  it  at  compound  in- 
terest at  6^,  what  would  you  realize  from  it  at  50  years  of  aoe? 

Ans.  $10972.90+^ 

4.  What,  if  you  should  begin  at  21  years  of  aa-e,  and  save 
$300  per  year,  at  6%,  till  55  years  of  age  ?    Ans.  $31255.12+ 

Question. — 291.  How  do  we  find  the  amount  of  an  annuity  forborne  for  a 
definite  time,  at  compound  interest? 
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5.  What,  from  ^100  a  year,  at  7%,  from  20  to  60  years  of 
age?  Ans.  S19963  51+. 

6.  What,  from  $500  a  year,  at  5%,  from  30  to  50  years  of 
age?  Ans.  $16582.97-}-. 

Case  II. 

Art,  39^.     To  find  the  worth  of  a  perpetuity. 

Ex.  1.  B  could  not  sell  me  a  certain  lot,  but  gave  me  a  per- 
petual lease  of  it.  What  did  I  pay  him,  to  make  my  rent  $300, 
money  being  worth  6%  ?  Ans.  $5000. 

Process  Indicated.  Mental  Process. 

$3  0  0  -i-  .0  6  =  $5  0  0  0         Since  I  lose  the  interest  of  the  money 
invested,  the  question  is,  ''How  much 
principal  produces  $300  in  a  year  at  6%  V     This  is  like  Case  VIII. 
of  Interest. 

Rule. — Divide  the  annuity  hy  the  interest  of  a  dollar  for  the 
'period  at  the  given  rate. 

Examples  for  Practice. 

2.  What  should  I  pay  for  a  perpetual  lease  worth  $1000  per 
annum,  if  money  is  worth  8%  ?  Ans.  $12500. 

3.  What,  if  the  rent  is  payable  semi-annually  ?    Ans.  $12750. 

Note. — In  this  case  the  annual  rent  is  $1020,  reckoning  6  months' 
interest  on  the  first  $500. 

4.  A  man  reckoned  that,  by  living  in  his  own  house,  he  paid 
a  rent  of  $600;  "For,"  said  he,  "I  could  invest  its  worth  at 
10%."     What  was  it  worth  ?  Ans.  $6000. 

Case  III. 

Art.  S93.  To  find  the  present  worth  of  a  deferred  per- 
petuity. 

Ex.  1.  A  inherited  a  perpetuity  of  $600  a  year,  to  commence 
when  he  was  25  years  of  age.  He  sold  it  when  he  was  23  years 
of  age,  money  being  worth  6  per  cent,  per  annum.  What  did 
he  receive  ? 

Process  Indicated. 
$6  0  0  -■=-  .0  6  =  $1 0  0  0  0  =  initial  worth. 
$100  00--$1.12  3606r=$8  899.91,6  =  presentworthatthe 
time  of  sale. 

Question. — 292.  How  do  we  find  the  initial  worth  of  a  perpetuitj  ? 
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Mental  Process. — At  23  years  of  age,  his  annuity  was  two  years 
deferred.  The  amount  of  $1  at  compound  interest,  for  2  years,  is 
$1.123606,  which  is  its  worth  2  years  hence.  If  SI. 123606,  due  2 
years  hence,  is  worth  $1  now,  $10000,  due  2  years  hence,  is  worth 
as  many  dollars  now  as  $1.123606  is  contained  times  in  $10000, 
that  is,  $8899.91,6. 

B-ULE. — Divide  the  worth  hy  the  amount  of  a  dollar,  at  com- 
ound  interest,  /or  the  time  that  the  perpetuity  is  deferred. 

Examples  for  Practice. 

2.  What  is  the  present  value  of  a  perpetuity  of  $1080  a  year, 
at  6%,  deferred  lOyr.  ?  Ans.  $10051.10+. 

0.  Of  a  perpetual  ground-rent  of  S320  a  year,  to  commence  in 
8yr.  4mo.,  at  7%  ?  Ans.  $3646.56. 

1.  Of  a  perpetuity  of  $500  a  year,  deferred  8yr.,  at  6%  ? 

Ans.  $5228.44. 

Case  IV. 

Art.  304:*  To  find  the  present  worth  of  an  annuity  cer- 
tain. 

Rule. — Divide  the  amount  of  the  annuity  for  the  time  it  is  to 
run  hy  the  amount  of  a  unit  of  m^oney  running  at  compound  in- 
terest from  the  present  time  to  the  termination  of  the  annuity ;  or, 

If  the  annuity  is  immediate,  find,  in  the  table  of  initial  values, 
that  of  one  unit  of  money  for  the  time  and  rate,  and  multiply  it 
hy  the  annuity. 

If  the  annuity  is  deferred,  find,  in  the  table  of  initial  values^ 
that  of  a  unit  of  money  commencing  immediately  and  continuing 
till  the  annuity  com.mences,  and  also  till  the  annuity  terminates, 
and  mxdtiply  the  difference  of  these  initial  icorths  by  the  given 
annuity. 

Examples  for  Practice. 
f 

1.  Having  sold  a  farm  for  $3500,  to  be  received  in  7  equal 

annual  installments,  I  wish  to  sell  my  claims  on  the  debtor  for 
cash.     What  should  I  receive,  at  6%  ?         Ans.  $2791. 19-j-- 

2.  If  you  are  entitled  to  $500  a  year,  to  commence  in  5  years 
and  continue  for  life,  and  your  chance  of  life  is  reckoned  at  45 
years,  for  how  much  should  you  sell  your  title,  to  lose  nothing, 
interest  at  l^o  ?  ♦  Ans.  $4752.66,3+ 

Questions. — 293.  How  do  we  find  the  present  worth  of  a  deferred  perpe 
tuity  ? — 294.  How  do  we  find  the  preseat  worth  of  an  aanuity  certain  ? 
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Case  V. 

Art.  295,  To  find  the  initial  worth  of  an  annuity  cer- 
tain. 

Rule. — If  the  annuiti/  is  immediate,  the  initial  is  the  same  as 
the  present  loorth. 

If  the  annuity  is  deferred,  find ,  in  the  table  of  initial  values, 
that  of  one  unit  of  money  for  the  time  and  rate,  and  multiply  it 
by  the  annuity. 

Table, 

Showing  the  initial  worth  of  an  annuity  of  $1  or  £1  per  annum, 
for  any  number  of  years  not  more  than  fifty. 


i 

1 

5  per  cent. 

6  per  cent. 

7  per  cent. 

1  [.^ 

5  per  cent. 

6  per  cent. 

7  per  cent. 

0.952 

381 

0.943 

396 

0.934 

579 

1 
26 

14.275 

185 

13.003 

166 

11.825 

779 

2 

1.859 

410 

1.833 

393 

1.808 

017 

27 

14.643 

034 

13.210 

534 

11.986 

709 

3 

2.72S 

248 

2.673 

012 

2.624 

314 

28 

14.898 

127 

13.406 

164 

12.137 

111 

4 

3.545 

951 

3.465 

106 

3.387 

209 

29 

15.141 

074 

13.590 

721 

12.277 

074 

5 

4.329 

477 

4.212 

364 

4.100 

195 

30 

15.372 

451 

13.764 

831 

12.409 

041 

6 

5.075 

692 

4.917 

324 

4.766 

5.37 

31 

15.592 

811 

13.929 

086 

12.531 

814 

7 

6.786 

373 

5.582 

381 

5.389 

286 

32 

15.802 

677 

14.084 

043 

12.646 

555 

8 

6.463 

213 

6.209 

794 

5.971 

295 

33 

16.002 

549 

14.230 

230 

12.753 

790 

9 

7.107 

S22 

6.801 

692 

6.515 

228 

34 

16.192 

204 

14.368 

141 

12.854 

009 

10 

7.721 

735 

7.360 

087 

7.023 

577 

35 

16.374 

194 

14.498 

246 

12.947 

672 

11 

8.306 

414 

7.886 

875 

7.498 

669 

36 

16.546 

852 

14.620 

987 

13.035 

208 

12 

8.863 

252 

8.383 

844 

7.942 

671 

!37 

16.711 

287 

14.736 

780 

13.117 

017 

13 

9.393 

573 

8.S52 

683 

8.357 

635 

,.38 

16.867 

893 

14.846 

019 

13.193 

473 

14 

9.898 

641 

9.294 

984 

8.745 

452 

.39 

17.017 

041 

14.949 

075 

13.264 

928 

15 

10.379 

658 

9.712 

249 

9.107 

898 

40 

17.159 

086 

15.046 

297 

13.331 

709 

16 

10.837 

770 

10.105 

895 

9.446 

632 

41 

17.294 

368 

15.138 

016 

13.394 

120 

17 

11.274 

066 

10.477 

260 

9.763 

206 

'42 

17.423 

208 

15.224 

543 

13.452 

449 

IS 

11.689 

5S7 

10.827 

603 

10.059 

070 

43 

17.545 

912 

15.306 

173 

13.506 

902 

19 

12.085 

321 

11.158 

116 

10.335 

578 

44 

17.662 

773 

15.383 

182 

13.557 

908 

20 

12.462 

210 

11.469 

421 

10.593 

997 

;45 

17.774 

070 

15.455 

832 

13.605 

522 

21 

1-2.821 

153 

11.764 

077 

10.835 

527 

46 

17.880 

007 

15.524 

870 

13.650 

020 

22 

13.163 

003 

12.041 

582 

11.061 

241 

!47 

17.981 

016 

15.589 

028 

13.691 

608 

23 

13.488 

574 

12.303 

379 

11.272 

187 

!48 

18.077 

158 

15.650 

027 

13.730 

474 

24 

13.798 

642 

12.550 

358 

11.469 

334 

;49 

18.168 

722 

15.707 

572 

13.766 

799 

25 

14.093 

945 

12.783 

356 

11.653 

583 

iso 

18.255 

925 

15.761 

861 

13.800 

746  1 

Examples  for  Practice.  , 

1.  What  is  the  initial  worth  of  an  annuity  of  $600,  to  con- 
tinue 4yr.,  at  6%  compound  interest;  and  what  is  \i^  present 
worth,  if  it  is  to  be^in  2yr.  hence  ? 

Ans.  I.  W.  $2079.06+.     P.  W.  $1850.35+. 

2.  What  is  the  initial  worth  of  an  annuity  of  $400,  to  con- 
tinue 7yr.,  at  5%  compound  interest;  and  what  is  its  present 
worth  if  it  is  to  begin  4>yr.  hence? 

Ans.  I.  W.  $2314.54,9+;  P.  W.  $1999.39+. 


Question. — 295.  How  do  we  find  the  initial  worth  of  an  annuity  certain  ' 
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PERMUTATIONS. 

Art.  S06.  Permutations  are  changes  in  the  arrange- 
ment of  a  given  number  of  things. 

Illustratiox. — Two  letters,   a  and  h,   can  be  arranged   in  two 
ways  ;  thus,  ah,  ha.     That  is,  in  the  ordinary  way  of  writing  letters, 
h  can  be  piit  only  on  the  rigid  and  left  of  a.     A  third  letter,  c,  can 
be  put  in  three  neio  positions  in  both  ab  and  ha,  viz.,  on  the  left,  the 
right,  and  hetioeen  ;  thus,  cah,  ach,  abc,  cba,  hca,  hac.    A  fourth  letter, 
d,  can  tnke  four  7ieio  positions  in  each  of  these  six  arrangements,  viz., 
at  the  left,  the  right,  and  between  each  two.     Hence  the  changes  for 
Two  things,  are  1  X  2  =  2  :  and  for 
Three  things,  are  1  X  2  X  3  =  6  :  and  for 
Four  things,  are  1  X  2  X  3  X  4  =  24  :  «fec.  &c. 

Case  I. 

Art.  297,  To  find  the  possible  permutations  of  a  given 
number  of  things  taken  all  at  a  time. 

Rule. — Multiply  together  the  numbers  of  the  natural  series 
1,  2,  3,  &c.  till  as  many  have  been  used  as  there  are  units  in  the 
given  number  of  objects. 

Examples  for  Practice. 

1.  In  how  many  difierent  ways  can  the  8  notes  of  an  octave 
be  arranged  ?  Ans.  40320. 

2.  How  many  integral  numbers  can  be  expressed  by  different 
arrangements  of  the  nine  digits?  Ans.  362880. 

3.  A  lady  changed  every  day  the  order  of  7  beads  upon  a 
fctring.     How  long  before  she  finished  the  possible  methods  ? 

Ans.  13yr.  292da. 
Case  II. 

Art.  S08.  To  find  the  possible  permutations  of  a  given 
number  of  things  taken  a  given  less  number  at  a  time. 

Illustratiox. — If,  for  example,  we  require  all  the  possible  arrange- 
ments of  six  letters  by  twos,  it  is  plain  that  each  letter  of  the  six,  by 
joining  with  each  of  the  other  five,  would  make  5  arrangements ; 
and  6  letters  would  make  6  X  5  =  30  permutations.  Again,  were 
we  to  arrange  6  letters  by  threes,  we  could  join  to  each  of  the  30 
permutations  by  twos,  each  of  the  four  remaining  letters,  making  4 
arrangements  for  each  of  the  30  ;  then  the  whole  number  would  be 
6X5X4=  120  permutations. 

Questions. — 296.  What  are  permutations  ?    Give  the  illustration. — 297.  What 
is  Case  I.  ?     Give  the  rule. — 298.  What  is  Case  II  ?     Give  the  illustration 
U 
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Rule. — Multiply  together  the  numbers  of  the  decreasing 
natural  series,  whose  greatest  term  is  the  number  of  things  given, 
and  whose  number  of  term,s  is  the  number  of  things  to  be  taken 
at  a  time. 

Examples  for  Practice. 

1.  How  many  integral  numbers  can  be  expressed  by  the  nine 
digits,  taken  four  at  a  time?  Ans.  3024. 

2.  How  many,  taken  six  at  a  time?  Ans.  60480. 

3.  How  many,  taken  seven  at  a  time  ?  Ans.   181440 

4.  How  many,  taken  eigbt  at  a  time  ?  Ans.  362880. 

5.  How  many,  taken  three  at  a  time  ?  Ans.  504. 

COMBINATIOiNS. 

Art.  390.  Combinations  are  groups  so  formed  from  the 
members  of  a  given  number  of  things  that  all  the  members  of 
one  group  are  not  the  same  as  those  in  another. 

Illustration. — Of  the  three  letters  a  h  c,  ah,  ac,  and  he  are  three 
combinations.  They  would  not  become  different  combinations  by 
changing  the  order  of  their  letters,  but  would  then  be  merely  dif- 
ferent perimitations. 

Art.  300.  To  find  the  number  of  possible  combinations 
of  a  given  number  of  things  taken  a  given  number  at  a  time. 

Illustration. — The  permutations  of  five  things,  taken  two  at  a 
time,  are  20.  Now,  since  the  same  comhination  of  two  things  may 
have  two  permutations  or  modes  of  arrangement,  the  possible  com- 
binaliois  of  five  things,  taken  two  at  a  time,  are  20  -;-  2  =  10 ;  that 
is,  (5  X  4)  -^  (1  X  2). 

Rule. — Divide  the  number  of  possible  permutations  of  the 
whole  number,  taken  the  given  number  at  a  time,  by  the  number 
of  possible  permutations  of  as  many  things  as  are  taken  at  a  time. 

Examples  for  Practice. 

1.  How  many  combinations  of  the  ten  Arabic  figures,  taken 
seven  in  a  set?  Ans.  120. 

2.  Of  the  nine  digits,  four  in  a  set?  Ans.  126. 

3.  Of  the  nine  digits,  six  in  a  set?  Ans.  84. 

4.  Of  the  nine  digits,  seven  in  a  set  ?  Ans.  36. 

QxT-ESTioNS.— 298.  Give  the  rule. — 299.  What  are  combinations?  Give  the 
illustration. — 300.  How  do  we  find  the  number  of  possible  combinations  of  a 
given  number  of  things,  taken  a  given  number  at  a  time  ? 
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CHAPTER  XXII. 

MENSURATION. 

Art.  301.  Mensuration  treats  of  the  measurement  of 
magnitudes. 

Measuring  is  applying  to  a  magnitude  an  assumed  unit  of 
measure,  of  the  same  kind  as  the  magnitude,  to  find  the  number 
of  times  the  unit  is  contained  in  the  magnitude. 

In  reference  to  the  kind  of  magnitude,  mensuration  is  of 
lines,  surfaces,  and  solids.  The  mensuration  of  lines  requires 
no  discussion  in  this  chapter. 

MENSURATION   OF   SURFACES. 

Art.  30^.  A  surface  is  a  magnitude  having  length  and 
breadth^  but  no  thickness. 

The  unit  of  measure  of  a  surface  is  generally  a  sciuare. 

Area  is  quantity  of  surface. 

A  quadrilateral  is  a  sui'face  bounded  by  four  sides. 

A  parallelogram  is  a  quadrilateral  whose  opposite  sides  are 
parallel. 

The  altitude  of  a  parallelogram  is  the  perpendicular  distance 
from  the  base  to  the  opposite  side. 

Art.  303.     To  find  the  area  of  a  parallelogram. 

Rule. — Multiply  the  base  hy  the  altitude  expressed  in  the 
same  kind  of  linear  units.  The  product  expresses  sqimre  units 
of  the  same  name  as  the  linear. 

Note. — For  illustration  of  one  kirid  of  parallelogram,  see  Ai't.  75, 
Note  1.     The  general  proposition  is  proved  in  Geometry. 

1.  What  is  the  area  of  a  parallelogram  Ssch.  long  and  3^rd. 
broad?  Ans.   IR.  37P. 

2.  How  much  less  land  will  be  enclosed  by  the  fence  of  a 
right-angled  field  15rd.  long  and  8rd.  broad,  if  the  angles  be 
so  changed  that  the  longest  sides  are  5rd.  apart  ?    Ans.  IR.  5P. 

Questions. — 301.  Of  what  does  mensuration  treat?  What  is  measuring? 
Of  what  kinds  is  mensuration  ? — .302.  What  is  a  surface  ?  The  unit  of  surface 
measure?  Area?  A  quadrilateral?  A  parallelogram?  The  altitude  of  a 
parallelogram  ? — 30.3.  How  do  we  find  the  area  of  a  parallelogram  ? 
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Art.  304.  A  trapezoid  is  a  quadrilateral  having  only  two 
parallel  sides.     Its  area  is  equivalent  to  tliat  of  a  parallelogram 

of  tlie  same  altitude  wliose  base 
is  the  average  length  of  the  two 
parallel  sides  of  the  trapezoid, 
(See  figure.) 

Afi't.  30^.     To  find  the  area  of  a  trapezoid. 

Rule. — Multiply  half  the  sum  of  the  parallel  sides  hy  their 
perpendicular  distance  from  each  other,  expressed  in  the  same 
linear  measure. 

1.  How  many  square  feet  in  a  tapering  board  12ft.  long,  15in. 
wide  at  one  end  and  18in.  wide  at  the  other?  Ans.   IGJ. 

2.  How  many  square  feet  in  the  two  largest  sides  of  a  four- 
sloped  roof,  40ft.  long  at  the  eaves  and  20ft.  long  at  the  ridge, 
the  rafter  being  15ft.  long  ?  Ans.  900. 

Art.  300.    The  altitude  of  a  triangle  is  the  perpendicular 
,  distance  from  the  base  to  the  oppo- 
site angle. 

The  area  of  a  triangle  is  equiva- 
lent to  half  that  of  a  parallelogram 
of  equal  base  and  altitude.  (See 
figure.) 

Art.  SOI'.     To  find  the  area  of  a  triangle. 

Rules. — I.  When  base  and  altitude  are  known. 

Find  half  the  prodMct  of  base  and  altitude,  both  being  ex- 
pressed in  one  kind  of  linear  unit. 

II.  When  the  three  sides  are  known. 

From  half  the  sum  of  the  three  sides  take  each  side  separately ; 
midtiply  together  the  three  remainders  and  the  half  sum,  and 
find  the  square  root  of  the  product. 

1.  Find  the  area  of  a  triangle  whose  base  is  50ft.  and  altitude 
40ft.  Ans.  1000  sq.  ft. 

2.  Of  a  triangle  whose  sides  are  lOrd.,  16rd.,  and  24rd. 

Ans.  58.09  sq.  rd. 

Art.  308.  A  trapezium  is  a  quadrilateral  having  no 
parallel  sides. 


Questions. — 304.  What  is  a  trapezoid ?  To  what  is  its  area  equivalent? — 
?05.  How  do  we  find  the  area  of  a  trapezoid? — 306.  What  is  the  altitude  of  a 
triangle  ?  The  area  of  a  triangle  ? — 307.  How  do  we  find  the  area  of  a  triangle  ? 
— 308.  What  is  a  trapezium? 


MENSURATION   OF    SURFACES.  309 

A  diagonal  is  a  line  joining  the  opposite  angles 
of  a  fio-iire. 


Art.  300.     To  find  the  area  of  a  trapezium. 

Ktjle. — Draw  a  diagonal,  and  find  the  sum  of  the  areas  of 
the  tico  vcmdting  triangles. 

1.  Find  the  area  of  a  trapezium  whose  diagonal  is  50ft.,  and 
whose  sides  are,  on  one  side  of  it,  each  Soft.,  and  on  the  other, 
36ft.  and  40ft.  respectively.  Ans.  1325.53+  sq.  ft. 

2.  Of  a  trapezium  whose  diagonal  is  40rd.,  the  altitude  from 
it  of  the  triangle  on  one  side  being  42rd.,  and  on  the  other  38rd. 

Ans.  lOA. 

Art.  310.  A  polygon  is  a  surface  bounded  by  more  than 
4  sides. 

K pentagon  is  a  polygon  of  5  sides;  a  hexagon,  of  6  sides;  a 
heptagon,  of  7  sides ;  an  octagon,  of  8  sides ;  a  nonagon,  of  9 
sides;  a  decagon,  of  10  sides;  an  undecagon,  of  11  sides;  a 
dodecagon,  of  12  sides,  &c. 

A  regidar  polygon  is  one  that  has  all  its  sides  equal  and  all  its 
angles  equal. 

An  irregtdar  polygon  is  one  that  has  unequal  sides  and  un- 
equal angles. 

The  perimeter  of  a  figure  is  the  sum  of  its  sides. 

Art.  311.     To  find  the  area  of  a  polygon. 

Rule. — If  the  polygon  is  irregular,  separate  it  into  triangles 
by  diagonals,  then  find  the  sum  of  these  triangles.  If  the  polygon 
is  regidar,  separate  it  into  triangles,  hy  draioing  lines  from  the 
centre  to  each  angle;  then  find  half  the  product  of  the  perimeter 
and  the  perpendicular  from  the  centre  to  one  side. 

1.  What  is  the  area  of  a  regular  hexagon  whose  sides  are 
20ft.  Ions,  the  perpendicular  upon  them  from  the  centre  being 
17.32ft.  ?"  ,  Ans.  1039.2    sq.  ft. 

Questions. — 309.  What  is  a  diagonal?  How  do  we  find  the  area  of  a 
trapezium  ? — .310.  "What  is  a  polygon  ?  A  pentagon,  &c.  ?  An  irregular  poly- 
gon ?    The  perimeter  of  a  figure  ? — 311.  How  do  we  find  the  area  of  a  polygon? 
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2,  An  irregular  quadrilateral  has  a  10ft.  diagonal,  and  two 
sides  on  one  side  of  it  are  lOfft.  and  12ift.  respectively;  on  the 
other,  9fft.  and  ll^ft.  respectively.     What  is  its  area? 

Ans.  97.3073  sq.  ft. 

Avt,  31^.  The  circumference  of  a  circle  is  the  line  that 
bounds  it. 

The  diameter  of  a  circle  is  a  straight  line  passing  through  the 
centre  and  terminating  at  each  end  in  the  circumference. 

The  radius  of  a  circle  is  a  straight  line  terminating  at  the 
cenrre  and  circumference :  its  length  is  half  that  of  the 
diaineter. 

Al't.  313.     To  find  the  circumference  of  a  circle. 

Rule. — Midtiplij  the  diameter  hy  3.1415926. 

Note. — This  is  not  exact.  The  ratio  of  diameter  to  circumference  has 
been  found  to  hundreds  of  decimal  phices,  without  obtaining  a  complete 
result.     It  is  often  near  enough  to  take  it  as  3.1416. 

1.  The  earth's  radius  being  3956  miles,  what  is  its  circum- 
ference ?  Ans.  24856.28-[-  miles. 

2.  What  is  the  len2:th  of  tire  on  a  wheel  whose  radius  is 
2*ft.?  "  Ans.  15.7-f  ft. 

Art.  314.     To  find  the  diameter  of  a  circle. 

Rules. — I.  From  the  circumference. 

Divide  the  circumference  hij  3.1415926,  or  midtij)ly  the  cir- 
cumference hy  .31830989. 

II.   From  the  area. 

Divide  the  area  hy  .785398,  and  find  the  square  root  of  the 
quotient. 

Note. — It  is  often  sufficient  to  divide  by  .7854. 

1.  What  is  the  diameter  of  a  circle  whose  circumference  is 
31ft.?  Ans.  9.86+  ft. 

2.  Of  a  circular  farm  of  100  acres?     Ans.  35.68-|-  chains 

Art.   31^.     To  find  the  area  of  a  circle. 

Rules. — I.   Multiply  the  square  of  the  diameter  hy  .785398. 
11.   Multiply  the  square  of  the  radius  hy  3.1415926. 


Questions. — ^312.  What  is  the  circumference  of  a  circle?  The  diameter? 
The  radius  ? — 313.  How  do  we  find  the  circumference  of  a  circle?  Is  it  exact  ? 
--3 14.  How  do  we  find  the  diameter  of  a  circle  ? 
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III.  Multiply  the  square  of  the  circumference  hi/  .079577. 

IV.  Multiply  half  the  diameter  hy  half  the  circumference. 

V.  Multiply  the  circumference  hy  onefourth  the  diameter,  or 
the  diameter  hy  one-fourth  of  the  circumference,  or  the  diameter 
by  the  circumference  and  take  one-fourth  of  the  product. 

1.  What  is  the  area  of  a  circle  whose  circumference  is  12ft.  ?' 

Ans.   11. 459 -f-  sq.  ft. 

2.  Of  a  circle  whose  diameter  is  10ft.  ?    Ans.  78.53-f  sq.  ft. 

3.  Of  a  circle  whose  radius  is  lift.  ?     Ans.  4.9087-j-  sq.  ft. 

Art.  316.  To  find  the  side  of  a  square  whose  area  is  equal 
to  that  of  a  given  circle. 

Remark. — This  cannot  be  exactly  found,  because  the  ratio  of  diameter 
to  circumference  has  not  been  exactly  determined.  Since  the  side  of  a 
square  is  equal  to  the  square  root  of  its  area,  vre  must  take,  in  this  case, 
the  square  root  of  the  area  of  the  given  circle ;  that  is,  the  square  root 
of  the  product  of  .785398163397,  into  the  square  of  the  diameter,  or  an 
equivalent  expression  derived  from  the  rules  in  Art.  315.  Hence,  the 
square  root  of  .785398163397  being  .886227-f ,  the  reason  of  the  first 
rule  followingjs  plain.  The  learner  can  find  that  for  the  second  and 
other  methods?" 

Rules. — I.  Multiply  the  diameter  hy  .886227. 
II.   Multiply  the  circumference  hy  .282094. 

1.  What  is  the  side  of  a  square,  whose  area  equals  that  of  a 
circle  lOOrd.  in  circumference  ?  Ans.  28.2-[-rd. 

2.  Of  a  square  whose  area  equals  that  of  a  circle  of  lOft. 
radius?  Ans.  17.72-f-ft. 

3.  Comparing  a  circle  with  a  square,  which  contains  the  greater 
surface  with  the  same  perimeter  L^ 

Art.  317.     An  ellipse   is   an    oval   figure   bounded  by  a 
■        >-^^       curved  line,  such  that  the  sum  of  the 
Nv    distances  from  any  point  in  the  curve  to 

"^^ ]  two    points  within,  called  foci,  is    the 

y  same  as  for  any  other  point  in  the 
....,^-^^  curve.  The  transverse  diameter  is  the 
longest  straight  line  that  passes  ^through  the  centre,  limited  by 
the  curve ;  the  conjugate  diameter  is  the  shortest. 


Questions. — .315.  How  do  we  find  the  area  of  a  circle? — 316.  The  side  of  a 
square  whose  area  is  equal  to  that  of  a  given  circle  ?  Why  is  this  not  exact  ? 
— 317.  What  IS  an  ellipse  ?  The  transverse  diameter  ?  The  conjugate 
diameter? 
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Art.  318.     To  find  the  area  of  an  ellipse. 

Rule. — Multiply  the  transverse  diartieter  hythe  eonjugate- and 
that  product  hy  .785398. 

1.  What  is  the  area  of  an  ellipse  whose  diameters  are  18ft. 
and  24ft.  ?  Ans.  839.29+  sq.  ft.    - 

2.  Of  an  elliptical  table-top,  4ft.  long  and  2Jft.  wide? 

Ans.  7.85-f  sq.  ft. 


MENSURATION  OF  SOLIDS. 
A  solid  is  a  magnitude  havin< 


length,  breadth, 


Alt.  319. 

and  thickness. 

A  prism  is  a  solid  whose  ends  are  equal  and  similar  plane 
figures,  and  whose  sides  are  parallelograms.     (See  figs.  1-3.) 

A  cylinder  is  a  regular  solid  whose  ends  are  equal  and  parallel 
circles.     (See  fig.  4.) 


Fig.  1. 


Fig.  2. 


Pig.  4, 


The  altitude  of  a  prism  or  cylinder  is  the  perpendicular  dis- 
tance between  the  planes  of  its  ends. 

Al't.  3^0.     To  find  the  surface  of  a  prism  or  cylinder. 

Rule. — Multiply  the  perimeter  of  its  end  by  its  altitude,  and 
to  the  product  add  the  area  of  both  ends. 

1.  How  much  tin  will  make  a  cylindrical  bucket  and  cover  10 
inches  in  diameter,  and  12  inches  high  ?  Ans.  3.7-f-  sq.  ft. 

2.  What  is  the  surface  of  a  rectangular  log  20ft.  long,  whose 
sides  are  15in.  and  ISin.  broad?     Ans.  113  sq.  ft. ;  108  sq.  in. 

Art.  3^1.     To  find  the  volume  of  a  prism  or  cylinder. 

Rule. — Multiply  the  area  of  its  base  by  its  altitude. 

1.  What  is  the  capacity  of  a  triangular  penstock  10ft.  long, 


whose  sides  are  3,  4,  and  5ft.  broad  ? 


Ans.  60  cu.  ft. 


QuESTio>'S. — 318.  How  do  we  find  the  area  of  an  ellipse? — .319.  What«is 
solid?     A  prism?     A  cylinder?     The  altitude  of  a  prism  or  cylinder? — 320 
How  do  we  find  the  surface  of  a  prism  or  cylinder  ? — 321.  How  do  we  find  tb 
Volume  of  a  prism  or  cylinder? 
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2.  Of  a  round  bucket  6  inches  in  diameter  and  6  inches  high? 

Ans.   2.93 -^quarts. 

Art.  SQ^,  A  pyramid  is  a  solid  having  one  end  triangu- 
lar, square,  or  polygonal,  and  triangular  sides  whose  vertices 
unite  at  the  other  end  in  a  common  point.     (See  fig.  1.) 

A  cone  is  a  solid  having  one  end  circular  and  its  convex  sur- 
face tapering  regularly  to  a  point  at  the  other  end.     (See  fig.  2.) 

The  altitude  of  a  pyramid  or  cone  is  the  perpendicular  dis- 
tance from  the  vertex  to  the  plane  of  the  base. 

The  slant  height  of  a  pyramid  is  the  distance  from  the  vertex 
to  the  middle  of  one  of  the  sides  of  the  base. 

The  slant  height  of  a  cone  is  the  distance  from  the  vertex  to 
the  circumference  of  the  base. 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  4. 


A/rustinn  of  a  pyramid  or  cone  is  the  part  that  remains  after 
the  top  is  cut  ofi"  parallel  to  the  base.     (See  figs.  3  and  4.) 

Art.  3^3.    To  find  the  convex  surface  of  a  pyramid  or  cone. 

Rule. — Multiply  the  pelvimeter  of  the  base  hy  half  of  the  slant 
height. 

1.  Kow  many  yards  of  canvas  24in.  wide  will  make  a  conical 
tent  50ft.  in  diameter,  the  slant  height  being  80ft.  ? 

Ans.  1047i  nearly. 

Art.  3^-4.     To  find  the  volume  of  a  pyramid  or  cone. 

Rule. — Midtiply  the  area  of  the  hase  hy  one-third  of  the  alti- 
tude. 

1.  What  is  the  volume  of  a  square  pyramid  each  side  of  whose 
base  is  30ft.,  and  whose  altitude  is  25ft.  ?      Ans.  7500  cu.  ft. 

Art.  33o.     To  find  the  surface  of  a  frustum  of  a  pyramid 
or  cone. 


Questions.— 322.  What  is  a  pyramid?  A  cone?  Altitude?  "What  is  tbo 
slant  height  of  a  pyramid?  Of  a  cone?  What  is  a  frustum? — .323.  How  do 
we  find  the  surface  of  a  pyramid  or  cone  ?  324.  The  volume  of  a  pyramid  or 
cone? 
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Rule. — Multiple/  the  sum  of  the  perimeters  of  the  two  ends  hy 
half  the  slant  height,  and  to  the  product  add  the  areas  of  the  two 
ends. 

1.  What  is  the  surface  of  a  frustum  of  a  square  pyramid 
whose  slant  height  is  10ft.,  each  side  of  the  lower  base  being  3ft. 
4in.  and  of  the  upper  base  2ft.  2in.  ?  Ans.  125  j|  sq.  ft. 

Art.  3^6.  To  find  the  volume  of  a  frustum  of  a  pyramid 
or  cone. 

Rule. — Find  the  square  root  of  the  product  of  the  areas  of 
the  two  ends ;  to  this  root  add  the  two  areas,  and  niultipli/  the 
sum  hi/  one-third  of  the  altitude  of  the  frustum. 

1.  What  is  the  volume  of  a  beam  24ft.  long,  15in.  square  at 
one  end  and  Gin.  square  at  the  other  ?  Ans.  19.5  cu.  ft. 

Arl.  3^7.  A  sphere  is  a  solid  every  part  of  whose  sur- 
face is  equally  distant  from  a  point  within,  called  the  centre. 

A  diameter  of  a  sphere  is  a  straight  line  passing  through  the 
centre  and  terminating  at  each  end  in  the  surface. 

A  radius  of  a  sphere  is  a  straight  line  terminating  at  the 
centre  and  surface. 

A  segment  of  a  sphere  is  a  part  of  a  sphere  included  between 
two  parallel  planes,  one  of  which  may  touch,  or  both  of  which 
may  pass  through,  the  sphere. 

The  height  of  a  segment  of  a  sphere  is  the  perpendicular  dis- 
tance between  its  including  planes. 

Art.  338.     To  find  the  surface  of  a  sphere. 

Rule. — Multip)ly  the  diameter  by  the  circumfei encc. 

1.  What  is  the  surface  of  the  earth,  if  its  diameter  is  7912 
miles?  Ans.  196662892  sq.  miles. 

2.  What  is  the  surface  of  the  sun,  if  its  diameter  is  885000 
miles?  Ans.  2460573864135  sq.  miles. 

Art.  339.     To  find  the  volume  of  a  sphere. 

Rule. — Multiply  the  cube  of  the  diameter  by  .52359878. 

1.  What  is  the  volume  of  the  earth? 

Ans.  259332807530  cu.  miles. 

Questions. — 325.  What  is  the  surface  of  a  frustum? — 326.  How  do  we  find 
the  volume  of  a  frustum  ? — 327.  What  is  a  sphere  ?  Its  diameter  ?  iRadius  .'* 
Se<rmeat?  What  is  the  height  of  a  segment  ?—  328,  How  do  we  find  the  surface 
of  a  sphere? — 329.  The  volume  of  a  sphere  ? 
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Arf .  330.  To  find  the  curved  surface  of  a  segment  of  a 
sphere. 

Rule. — Midtlply  the  height  of  the  segment  hy  the  circum- 
ference of  the  sphere. 

1.  What  is  the  surface  of  the  North  Temperate  Zone,  if  the 
height  of  that  segment  is  2046  miles  ? 

Ans.  50855950.21+  sq.  miles. 

Art.  33i.     To  find  the  volume'of  a  segment  of  a  sphere. 

Rule. — Multiply  the  sum  of  the  areas  of  the  two  bases  by 
half  the  height,  and  to  this  product  add  the  volume  of  a  sphere 
tchose  diameter  is  the  height. 

1.  What  is  the  volume  of  the  North  Temperate  Zone,  if  the 
radius  of  its  southern  base  is  3634  miles,  that  of  its  northern 
base  1580  miles,  and  its  heia'ht  2046  miles  ? 
By  Art.  315,  R.  II.  (See  Key.)  Ans.  54949520078+cu.  miles. 

Art.  33^.  To  find  the  contents,  in  board  measure,  of 
boards  and  square  timber. 

Rule. — Multiply  together  the  length  in  feet,  the  average  icidth 
ill  inches,  and  the  thickness  in  inches,  and  divide  the  product 
by  12. 

Note. — The  unit  of  board  measure  is  a  square  foot  of  a  board  1  inch 
thick.     The  average  width  is  half  the  sum  of  the  widths  of  the  ends. 

1.  How  many  feet  in  an  inch  board  16ft.  long,  16in.  broad  at 
one  end  and  12  at  the  other?  Ans  18|. 

2.  How  many  feet  in  a  three-inch  plank  of  the  same  length 
and  breadth?  Ans.  56. 

3.  In  a  log  20ft.  long  and  16in.  by  18in.  broad?    Ans.  480. 

Art.  333.     To  gauge  a  cask  made  of  curved  staves. 

Rule. — Multiply  together  the  lejigth  in  inches,  the  square  of 
the  mean  diameter,  and  .7854.  The  result  is  cubic  inches.  Or, 
Multiply  together  the  length  in  inches,  the  square  of  the  mean 
diameter  in  inches,  and  ,0034.      The  result  is  U.S.  wine  gallons. 


Questions. — 330.  How  do  we  find  the  curved  surface  of  a  segment? — 331. 
The  volume  of  a  segment? — 332.  How  do  we  find  the  board  measure  of  lum- 
ber?    What  is  the  unit  of  board  measure?     The  average  width  of  a  board. 
— 333.  How  do  we  gauge  a  cask  made  of  curved  staves? 
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Note. — The  mean  diameter  is  found  by  adding  to  the  head  diameter  | 
of  the  difference  between  the  head  and  bung  diameters  if  the  staves  are 
much  curved,  but  |  of  that  difference  if  the  staves  are  but  little  curved. 
It  is  manifest  that  this  is  reducing  the  cask  to  a  cylinder  of  average 
diameter.  The  .0034  of  the  rule  is  the  value  of  .7854  -i-  231,  the  cubic 
inches  in  a  wine  gallon  U.S. 

1.  What  is  the  capacity  of  a  cask  whose  head  diameter  is  15 
inches,  bung  diameter  21  inches,  and  length  40  inches? 

Ans.  49  wine  gal.  nearly. 

2.  Of  a  cask  whose  head  diameter  is  45in.,  bung  diameter 
50in.,  and  length  60in.  ?  Ans.  470  wine  gal.  nearly. 

MISCELLANEOUS  EXERCISES. 

1.  If  boarding  during  Jan.,  Feb.,  and  March,  1856,  was 
$2.75  per  week,  during  April,  May,  and  June,  S3  per  week, 
during  July,  Aug.,  and  Sept.,  83.37  J  per  week,  and  during  Oct., 
Nov.,  and  Dec,  83. 75  per  week,  what  was  the  average  per  week 
during  the  year?  Ans.  83.22 g^g^.^ 

2.  What  is  the  difference  between  109  quadrillions  English 
and  French?  Ans.  108999999891  French  quadrillions. 

3.  What  number  is  that  of  which  |  exceeds  |  by  90? 

4.  IJ  -f  21  +  3i  +  4j5^  =  what?  Ans.  12i. 

5.  31  +  5iA  +  I  of  f  of  lOJ  —  (If  +  I  of  7i  +  5)  r= 
what?  ^  Ans.  2j\^j^. 

6.  Having  12  logs,  of  which  4  are  26ft.  long,  5  others  32ift. 
long,  and  the  remainder  39ft.  long,  and  knowing  that  the  diame- 
ter of  each  is  large  enough  to  furnish  10  fence-posts,  how  shall 
I  cut  the  logs  so  as  to  get  the  greatest  number  of  posts  of  the 
greatest  length ?  Ans.  6Jft.  long;  590  posts. 

7.  If  pewter  is  composed  of  112  parts  tin,  15  lead,  and  6 
brass,  how  much  of  each  will  make  6651b.  of  pewter? 

Ans.  Tin,  56(jib.;  lead,  751b.;  brass,  301b. 

8.  A,  B,  and  C  agreed  to  furnish  8300  of  their  minister's 
salary,  in  shares  which  should  be  inversely  as  the  distance  they 
must  come  to  hear  him.  A  came  f  of  a  mile,  B  IJ  miles,  and 
C  2i  miles.     What  wa's  the  share  of  each  ? 

Ans.  A  8163.63^\;   B  881.81-A-;  C  854.54y\. 

9.  If  A  and  B  can  dig  a  drain  in  4  days,  B  and  C  in  6  days, 
and  A  and  G  in  5  days,  in  what  time  could  they  do.it  together, 
and  separately  ? 

Ans.  All  S/^da.  J  A  7j\d8i.;  B  9-j-3-da.;  C  174da. 


Question. — 333.  How  do  we  find  the  mean  diameter' 
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10.  The  hour  and  minute  hand  of  a  clock  are  together  at 
12  o'clock  :  when  are  they  again  together  ? 

(  Ans.  1  o'c.  5m.  27y\sec.  3  2  o'c.  10m.  54y^ySec,; 
I      3  o'c.  16m.  21j9ysec.,  &c.  &c. 

11.  What  o'clock  is  it  when  ^  of  the  time  past  noon  equals 
yL  of  the'time  to  midnight  ?  Ans.  3  o'c.  20m. 

12.  The  velocity  of  sound  is  variously  stated  as  1090ft.  per 
second,  1120ft.,  and  1142ft.  In  estimating  the  distance  of  a 
gun  whose  report  is  heard  in  5  seconds,  what  differences  would 
result  from  using  these  numbers  ?    Ans.  150ft. ;  110ft. ;  260ft. 

13.  If  a  clock  strikes  the  hours  from  1  to  24,  how  many 
strokes  does  it  make  ?  Ans.  300. 

14.  What  is  the  greatest  common  divisor  of  \^,  2^,  4,  and 
5i  ?  Ans.  J5. 

15.  What  is  the  least  common  multiple  of  i,  IJ,  and  5i  ? 

Ans.  lOJ. 

16.  What  length  of  tether  should  you  give  your  horse,  that 
his  grazing  may  be  confined  to  a  circular  acre  ? 

Ans.  117.75+ ft. 

17.  A*^  party  composed  of  ladies  and  gentlemen,  the  former 
being  twice  as  many  as  the  latter,  spent  <£3  5s.  4d. ;  "and,  on 
settling,  each  gentleman  paid  as  many  pence  as  there  were 
gentlemen  in  the  party.     How  many  persons  were  in  the  party  ? 

Ans.  84. 

18.  Of  a  certain  pole,  5%  stood  in  earth,  10%  in  water,  and 
42ft.  6in.  above  water :  what  was  the  length  of  the  pole  ? 

Ans.  50ft. 

19.  If  a  landlord's  net  rents,  after  deducting  lOcts.  per  dollar 
for  taxes  and  repairs,  are  83654.72,  what  is  the  amount  of  his 
rents?  Ans.  $4060.80. 

20.  If  an  animalcule  is  374^^0  of  an  inch  in  diameter,  and  the 
thickness  of  a  membrane  in  his  body  is  j^q  of  his  diameter, 
what  is  the  thickness  of  the  membrane?         Ans.   seouoo^^^- 

21.  How  shall  a  house  that  cost  $3000  be  rented,  that  the 
landlord  may  annually  expend  5%  of  the  rent,  and  still  realize 
10%  on  his  investment?  Ans.  $315.78,9-[-. 

22.  E.  Everson  bought  a  house  and  lot  for  82500,  and  let  the 
property  at  $250  a  year,  but  paid  annually  for  insurance  $7.50, 
repairs  812.50,  and  taxes  18  mills  on  a  dollar.  What  net  income 
did  he  receive ?  Ans.  7|%. 

23.  If  168  men,  working  10  hours  a  day,  can  in  5  days  dig  a 
trench  of  5  degrees  of  hardness,  105ft.  long,  9ft.  wide,  and  6ft. 
deep,  in  how  many  days  of  12  hours  each  will  240  men  dig  a 
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trench  108ft.  loug,  15ft.  wide,  and  9ft.  deep,  of  6  degrees  of 
hardness  ?  Ans.  9  days. 

24.  If  you  buy  cloth  at  $1.12  per  yd.,  how  must  you  sell  it  to 
gain  25%?  Ans.  $1.40. 

25.  If,  by  buying  at  10%  discount  a  stock  whose  par  value 
is  $25,  and  selling  it  at  20%  premium,  I  make  $375,' what  per 
cent,  do  I  make  upon  my  investment,  and  how  many  shares  do 
I  buy?  Ans.  33i%  ;  50  shares. 

26.  I  sold  goods  at  10%  gain.  Had  they  cost  me  $150 
more,  I  should  have  lost  10  %       What  did  they  cost  ? 

Ans.  $675. 

27.  If  an  article  had  cost  me  20%  less,  my  gain  would  have 
been  30  %  more.     What  was  the  gain  per  cent.  ?     Ans.  20  % . 

28.  What  are  the  interest  and  amount  of  $9162  for  3  months, 
at  li%  a  month?  Ans.  Int.  $412.29 j  Am't  $9574.29. 

29.  The  hands  employed  in  a  certain  mill  are  men  at  Is.  4d. 
and  women  at  lid.  per  day,  and  their  wages  average  Is.  2d.  2qr. 
The  number  of  women  being  21,  what  is  that  of  the  men  ? 

Ans.  49. 

30.  A,  B,  and  C  divided  profits  as  follows  : — xVs  stock  had 
been  in  6  months,  and  his  share  was  $1200 ;  B  in  5  months  re- 
ceived $1500 ;  G's  stock  was  $4000  :  it  had  been  in  9  months, 
and  he  received  $2100.  What  was  the  whole  stock,  and  what 
were  the  shares  of  A  and  B  ? 

Ans.  Whole,  $12571.42+ ;  A  $3428.57-|- ;  B  $5142.85  +  . 

31.  What  are  the  interest  and  amount  of  $4650  for  3yr.  4mo. 
12da.,  at7%?  Ans.  Int.  $1095.85 ;  Am't  $5745.85. 

32.  What  are  the  interest  and  amount  o^  £429  17s.  4d.  from 
June  29,  1858,  to  Feb.  12,  1859,  at  5%  ? 

Ans.  Int.  £13  8s.  6id. ;  Am't  £443  5s.  lOid. 

33.  What  are  the  interest  and  amount  of  £43  3s.  from  June 


20  to  Nov.  8,  at 


Ans.  Int.  £1 ;  Am't  £44  3s. 


34.  What  is  the  true  balance  of  the  following   account  at 
settlement  Dec.  10,  1859,  interest  being  allowed  at  4%  ? 

Dr.  S.  Bell,  London,  in  Acc't  Cur.  with  T.  Shaw,  N.  Y.  Cr. 


Feb.  10. 

«     25. 

June  20. 

Dec.   10. 


To  Md'se. 


£ 

s. 

d. 

1859. 

186 

7 

6 

Mar.  24. 

214 

10 

April  6. 

415 

8 

4 

Sept.  26. 
Dec.  10. 

By  Wm. 
By  Cash. 


347 
200 


ilk 


MISCELLANEOUS   EXERCISES.  319 

35..  By  the  rule  of  the  U.  S.  Courts,  what  was  due  on  the  fol- 
lowing note,  Jan.  1,  1854,  int.  at  6%  ? 
$1250yOo<\).  Brighton,  Jan.  1,  1853. 

For  value  received,  I  pro'nihe  to  pay  Merwin  Beachford,  or 
order,  twelve  hundred  and  fifty  dollars,  witJiout  defalcation,  loith 
interest  at  Q(fo-  Asa  Kempton. 

Indorsements.  April  1,  1853,  rec'd  $175.75  ]  Aug.  1,  1853, 
S20 )  Nov.  1,  1853,  $360. 

Ans.-  $758.76,7+. 

36.  For  how  much  must  a  note  at  30  days  be  drawn,  that  the 
proceeds  may  be  $1500,  after  discount  at  1%  a  month? 

Ans.  $1516.68. 

37.  If  I  conclude  to  pay  now  three  installments  of  $400  each, 
due  in  3  months,  6  months,  and  9  months,  how  much  should  1 
pay,  discounting  at  6%  ?  Ans.  $1 1 65.21 -f. 

38.  If,  by  receiving  $1.25  for  every  day  he  works,  and  by 
spending  50cts.  every  day  he  is  idle,  a  man  makes  $19  in  25 
days,  how  many  days  is  he  idle  ?  Ans.  7. 

39.  If  an  animalcule  is  35^00^^  ^^  moh.  in  diameter,  how 
many  such  would  make  a  cubic  inch  ?        Ans.  42875000000. 

40.  If  $500  be  put  at  compound  interest  at  6%  when  a  per- 
son is  21  years  of  age,  to  what  will  it  amount  when  he  is  50 
years  of  age  ?  Ans.  $2709.19,4. 

41.  What  is  the  value  of  (2.25)^?  Ans.  blf^-:}^. 

42.  If  light,  heat,  and  gravity  vary  inversely  as  the  square  of 
the  distance  from  their  sources, — 

1st.  How  much  heat  would  you  receive  from  the  fire  if,  being 
3ft.  from  it,  you  should  remove  l^ffc.  more  ?    Ans.  |  as  much. 

2d.  How  much  light  would  fall  on  the  page  of  a  book,  4ft 
from  the  candle,  if  removed  1ft.  more  ?         Ans.  ^|  as  much. 

3d.  How  much  if,  being  7ft.  distant,  it  is  put  at  5ft.  3in.  dis- 
tance ?  Ans.  1^  times  as  much. 

4th.  How  much  less  are  the  light,  heat,  and  attraction  of  the 
sun  at  the  planet  Neptune,  2850000000  miles  from  it,  than  at 
the  earth,  95000000  miles  from  it  ?  Ans.  -gl^  as  much 

5th.  At  Uranus,  1820000000  miles  from  it? 

Ans.   o^T^  nearly. 

6th.  At  Saturn,  900000000  miles  from  it  ? 

7th.  At  Jupiter,  490000000  miles  from  it? 

8th.  %  Mars,  144000000  miles  from  it? 

9th.   now  much  more  at  Venus,  69000000  miles  from  it? 

10th.  At  Mercury,  37000000  miles  from  it? 
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lltli.  If  a  body  weighing  1001b.  on  the  earth,  4000  miles  from 
its  centre,  be  removed  to  the  distance  of  the  moon,  240000  miles, 
what  would  it  then  weigh  ?  Ans.  7|dr. 

43.  The  square  of  the  time  of  the  revolution  of  one  planet 
around  the  sun  is  to  the  square  of  the  time  of  another  as  the 
cube  of  the  mean  distance  of  the  first  is  to  the  cube  of  the  mean 
distance  of  the  second.  The  earth  being  assumed  to  be  95  mil- 
lions of  miles  from  the  sun,  its  time  of  revolution  365.2563744 
days,  and  Jupiter's  time  being  4332.5848032  days,  what  is  the 
distance  of  Jupiter  from  the  sun  't  ' 

44.  Of  Mercury,  whose  time  is  87.9692824  days  ? 

45.  Of  Venus,  whose  time  is  224.7007754  days?     , 

46.  The  tax  needed  for  school  purposes  in  a  certain-city  was 
$125000.  fiow  much  should  the  board  of  directors  assess  upon 
the  property  of  the  inhabitants,  valued  at  825000000,  the  tax- 
abies  being  12000,  the  poll-tax  $1,  and  allowance  being  made 
of  4%  for  uncollected  taxes,  5%  for  collector's  fees,  and  1%  to 
the  treasurer  on  all  money  received  by  him?  What  was  A's 
tax,  whose  property  was  valued  at  $65000,  and  who  pays  for  1 
poll  ?    Ans.  Prop,  tax,  $126445.86,1+  ;  A's  tax,  $329.75,9-]-. 

47.  The  sides  containing  the  right  angle  of  a  certain  trian- 
gular field  were  30  chains  and  40  chains  long  respectively,  and 
it  was  inclosed  by  a  "  worm  fence"  made  of  rails  of  equal  length, 
and  having^  all  its  angles  right  angles  except  at  the  corners  of 
the  field,  where  it  made  an  angle  with  the  fence  of  the  other 
side.  I  counted  199  panels  on  the  shortest  side,  and  noticed 
that  at  each  corner  of  the  field  the  last  panel  projected  half  its 
length  beyond  the  other  fence.  What  was  the  length  of  rail, 
allowing  1ft.  of  each  for  waste  in  lapping,  what  the  number  of 
rails  inclosing  the  field,  allowing  7  to  a  panel,  and  what  the 
area  of  the  field  ? 

Ans.  Length,  15.14-|-ft. ;  Number,  5565;  Area,  60  acres. 


THE    END. 


STEREOTYPED  BY   L.   JOHNSON   k  CO. 
PHILABELPHIA. 
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320  MISCELLANEOUS  EXERCISES. 

lltli.  If  a  body  weighing  1001b.  on  the  earth,  4000  miles  from 
its  centre,  be  removed  to  the  distance  of  the  moon,  240000  miles, 
what  would  it  then  weigh  ?  Ans.  7|dr. 

43.  The  square  of  the  time  of  the  revolution  of  one  planet 
around  the  sun  is  to  the  square  of  the  time  of  another  as  the 
cube  of  the  mean  distance  of  the  first  is  to  the  cube  of  the  mean 
distance  of  the  second.  The  earth  being  assumed  to  be  95  mil- 
Hons  of  miles  from  the  sun,  its  time  of  revolution  365.2563744 
days,  and  Jupiter's  time  being  4332.5848032  days,  what  is  the 
distance  of  Jupiter  from  the  sun  ? 

44.  Of  Mercury,  whose  time  is  87.9692824  days  ? 

45.  Of  Yenus,  whose  time  is  224.7007754  days?     , 

46.  The  tax  needed  for  school  purposes  in  a  certain-city  was 
$125000.  Ilow  much  should  the  board  of  directors  assess  upo  . 
the  property  of  the  inhabitants,  valued  at  825000^^  "X  ' 

ables  being  12000,  the  poll-tax  $1,  and  allowaj^r^^  '5/\^--l^"'^^^ 
of  4%  for  uncollected  taxes,  5%  for  collect'^y'^     >  -^^      ^  •'     ^ 
the  treasurer  on  all  money  receiv-  "*  "^  -       /  "^  r^.<--7 

tax,  whose  property  was  valu'^ ' 
--11?     Aoaa.  PorOJX  tax   '^''  ).  j,  ^  ^^/^ 
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